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ADVISORY  BOARD  ON  QUARTERMASTER  RESEARCH  AND  DEVELOPMENT 

Recognizing  the  need  for  independent  scientific  advice  on  his  re¬ 
search  and  development  program,  The  Quartermaster  General,  in  1943, 
requested  advisory  services  and  for  this  purpose  established  a  formal 
contract  with  the  Academy— Research  Council.  To  fulfill  the  terms  of 
this  agreement,  the  Committee  on  Quartermaster  Problems  was  or¬ 
ganized  by  the  National  Research  Council  under  the  Division  of 
Engineering  and  Industrial  Research.  In  1948,  the  scope  of  the  Quar¬ 
termaster  advisory  activity  was  broadened,  and  the  committee  was 
reorganized  as  the  Advisory  Board  on  Quartermaster  Research  and 
Development. 

COMMITTEE  ON  FOODS 

As  one  of  a  number  of  technical  committees  organized  by  the 
Advisory  Board  to  provide  advice  in  specific  areas  of  Quartermaster 
research  and  development,  the  Committee  on  Foods  functions  prin¬ 
cipally  to  counsel  the  Quartermaster  Food  and  Container  Institute 
on  the  nature,  scope,  and  conduct  of  the  research  and  development 
program  directed  toward  most  efficient  achievement  of  its  assigned 
missions.  The  Committee  advises  on  the  placement  of  specific  contracts 
and  recommends  the  type  of  studies  to  be  conducted  under  contract 
with  universities  and  other  research  institutions  to  supplement  the 
internal  program.  While  organization  of  the  Committee  into  subcom- 
mittes  provides  a  working  counterpart  for  the  Institute  divisions, 
special  study  groups  for  specific  major  problems  of  interest  to  the 
Institute  are  established  as  required.  Recently,  at  the  request  of 
Donald  K.  Tressler,  Scientific  Director,  Quartermaster  Food  and  Con¬ 
tainer  Institute,  the  Committee  on  Foods  undertook  to  conduct,  in 
cooperation  with  the  Institute,  symposia  in  various  areas  of  military 
subsistence  research. 

SUBCOMMITTEE  ON  NUTRITION 

Composed  of  scientists  competent  in  the  field  of  nutrition,  the 
Subcommittee  advises  the  Nutrition  Division  of  the  Food  and  Con¬ 
tainer  Institute.  Members  are  appointed  for  three-year  terms.  The 
symposium  on  Nutrition  Under  Climatic  Stress  was  conducted  with 
the  assistance  and  cooperation  of  the  Subcommittee  on  Nutmtion. 
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NUTRITION  UNDER  CLIMATIC  STRESS 

Preface  to  Symposium 

In  accordance  with  the  established  scientific  practice  of  surveying 
the  available  literature  before  launching  new  investigations,  it  was 
suggested  that  the  Subcommittee  on  Nutrition  of  the  National  Acad¬ 
emy  of  Sciences,  National  Research  Council,  Advisory  Board  on  Quar¬ 
termaster  Research  and  Development,  Committee  on  Foods,  conduct 
a  symposium  at  which  the  status  of  our  knowledge  of  the  relationship 
of  nutrition  to  climatic  stress  would  be  reviewed  by  research  workers 
in  this  field.  It  was  expected  that  background  information  for  setting 
up  a  collaborative  research  program  along  lines  productive  of  data 
for  use  by  the  Armed  Forces  would  be  obtained.  After  a  period  of 
careful  planning,  the  symposium  was  convened  at  the  National  Acad¬ 
emy  of  Sciences  in  Washington,  D.  C.,  on  the  4th  and  5th  of  Decem¬ 
ber  .1952. 

That  the  Armed  Forces  should  know  more  about  the  nutritional 
requirements  of  men  under  climatic  stress  has  been  most  effectively 
emphasized  by  first-hand  reports  on  how  subzero  temperatures,  or 
the  other  extreme,  torrid  temperatures,  affect  men  stationed  in  the 
Arctic  or  in  the  tropics.  Much  has  been  learned,  of  course,  but  much 
remains  unknown  in  regard  to  this  problem. 

To  approach  the  problems  systematically,  the  program  was  organ¬ 
ized  into  the  following  general  categories:  (1)  practical  problems  of 
service  operations  under  climatic  stress,  (2)  physiological  responses 
of  men  to  heat  and  cold,  (3)  animal  experimentation,  (4)  human 
experimentation.  Concluding  feature  of  the  program  was  a  summary 
of  present  knowledge  and  a  survey  of  the  areas  in  which  more  re¬ 
search  is  needed. 


A  wide  range  of  viewpoints  was  obtained  at  the  sessions.  Mili¬ 
tary  considerations  were  brought  into  the  picture  by  officers  of  the 
Army,  Air  Force,  and  Navy  with  expert  experience  in  this  field;  tech¬ 
nical  personnel  from  various  research  and  development  establish¬ 
ments  of  the  Department  of  Defense  also  contributed  their  special 
knowledge.  The  scientific  specialists  present  included  animal  and 
human  nutritionists,  dietitians,  physiologists,  biochemists,  various 
medical  specialists,  meteorologists,  engineers,  and  a  world-renowned 

by  virtue  0^°^  partlcipatin£.in  the  symposium  were  well  qualified 
bflitv  in  nerHn  f  reSearch  actlvltles  or  their  positions  of  responsi- 
rmUr-nV  1  ?unt  government  organizations  to  make  an  immediate 

aUhe  enToVth  y  T*  enabled’  in  retUrn'  to  take  awa"  "hem 
and  an  appredatbn  ofthei"  Underf  ’ ^in*  of  the  problems  involved 

of  these  p?owfms  is  an  imnorrPt  fiX'HeSV  K"°wing  the  in^ieacies 
solution.  ‘  P  11  first  step  ln  Panning  for  their 


The  benefits,  both  tangible  and  intangible,  to  be  derived  from  a 
well-organized  symposium  are  manifold.  Not  only  is  it  an  ideal  in- 
sti  ument  for  attaining  a  thorough  knowledge  of  previous  work ;  it  is 
also  an  excellent  means  to  achieve  efficient  planning  of  future  research. 
Such  review  focuses  attention  on  specific,  perhaps  controversial,  areas 
which  warrant  continued  investigation.  A  desirable  by-product  is 
the  stimulation  of  live  and  fertile  discussion  by  specialists  with  diverse 
experience  in  the  field.  The  ultimate  and  most  tangible  benefit  is  the 
compilation  of  all  the  pertinent  information  in  the  field  into  a  con¬ 
venient  reference — just  such  a  reference  as  the  present  one.  A  worthy 
addition  to  the  recently  established  series  designed  to  furnish  sound 
technical  appraisals  of  the  status  of  the  major  problems  encountered 
in  feeding  the  Armed  Forces,  this  publication  forms  as  well  a  useful 
guide  to  planning  future  research  on  nutrition  under  climatic  stress. 

Thanks  are  due  to  Harry  Spector,  Chief,  Nutrition  Division  of  the 
Food  and  Container  Institute,  and  to  E.  M.  Nelson,  Chairman  of  the 
Subcommittee  on  Nutrition  of  the  Committee  on  Foods,  for  arranging 
the  program  and  to  members  of  the  Subcommittee  on  Nutrition  and 
Gail  Dack,  Chairman  of  the  Committee  on  Foods,  for  reviewing  the 
manuscript. 

Donald  K.  Tressler, 

Scientific  Director 

QM  Food  and  Container  Institute 

Chicago 
April  1954. 


i 


IV 


CONTENTS 


Thursday  Morning  Session 

December  4,  1952  Page 

Conference  Objectives  . . — . . . — . —  1 

E.  M.  Nelson,  Food  and  Drug  Administration,  Washington,  D.  C..  •» 

I.  PRACTICAL  PROBLEMS  OF  SERVICE  OPERATIONS 


UNDER  CLIMATIC  STRESS 

Army _ . _ .. _ _ _ . _ _ _  2 

Lt.  Col.  H.  E.  Ratcliffe,  Surgeon  General’s  Office,  Washington,  D.  C. 

Air  Force  _ _ _ _ _ _ _ _ _  4 

Lt.  Col.  W.  E.  Bills,  Aero  Medical  Laboratory,  Wright-Patterson  Air 
Force  Base,  Dayton,  Ohio 

Canadian  Armed  Forces  _ _ _ _ _ _ _  8 

Major  J.  G.  Armstrong,  Defence  Research  Medical  Laboratories, 
Toronto,  Canada 

Summary  Remarks  _ _ _ _ _ _  13 

Austin  Henschel,  QM  Climatic  Research  Laboratory,  Research  and 


Development  Command,  QM  Corps,  U.  S.  Army 

Discussion  of  the  Practical  Problems  of  Service  Opera¬ 
tions  Under  Climatic  Stress  _  15 

Physiological  Responses  of  Men  to  Heat  and  Cold _  18 

Fai  i  ington  Daniels,  Jr.,  QM  Climatic  Research  Laboratory, 

Research  and  Development  Command,  QM  Corps,  U.  S.  Army 


Thursday  Afternoon  Session 
December  4,  1952 


II.  ANIMAL  EXPERIMENTATION 


Effect  of  Heat  on  Physiological  Economy 

Samuel  Brody,  University  of  Missouri,  Columbus,  Missouri 

Vitamin  Requirements  in  Hot  Climates 

C.  A.  Mills,  University  of  Cincinnati,  Cincinnati,  Ohio 

Water  Metabolism  in  Hot  Climates 

E.  F.  Adolph,  University  of  Rochester,  Rochester,  New  York 

PF^T,fpl?  °F  ANIMAL  Studies  a-  Under  High  Tem- 


Acclimatizati°n  to  Cold  Environment 

L.  P.  Dugal,  Laval  University,  Quebec,  Canada 

Eiaine  P.  Rail),  New  V„,k  Unive  ™  R  y  . 


33 

54 

63 

66 

70 

81 


v 


CONTENTS— Continued 


Page 

Protein  Metabolism  Under  Stressful  Conditions  91 

Bacon  F.  Chow,  The  Johns  Hopkins  University,  Baltimore,  Maryland 

Discussion  of  Animal  Studies  B.  Under  Cold  Tem¬ 
peratures  _ _ _ _  98 

Food  Problems  in  Exploring  the  Arctic..... _ _  102 

Sir  Hubert  Wilkins 


Friday  Morning  Session 
December  5,  1952 


III.  HUMAN  EXPERIMENTATION 

Laboratory  Studies  _ _ _ _ _ _ _  108 

H.  H.  Mitchell,  University  of  Illinois,  Urbana,  Ill. 

Role  of  the  Field  Test  in  Nutrition  and  Weather  Stress 
Studies  _ _ _ _ _  130 

Fred  Sargent,  University  of  Illinois,  Urbana,  Ill. 

Summary  Remarks  . . . . . . . . . . .  156 

R.  M.  Kark,  University  of  Illinois  Medical  School,  Chicago,  Ill. 

Discussion  of  Laboratory  and  Field  Studies  Using 
Human  Subjects - - - - - - - - - - - - - 165 


Friday  Afternoon  Session 
December  5,  1952 

IV.  SUMMARY  OF  PRESENT  KNOWLEDGE— NEED  FOR 
MORE  RESEARCH 

Lessons  from  Korea - - - 

Herbert  Pollack,  Mt.  Sinai  Hospital,  New  York  City,  N.  Y. 

Discussion  _ _ _ _ _ _  - 


Heat  Tolerance  and  Nutrition;  Suggestions  for  New 
Directions  in  Investigation  and  Interpretation 

L.  P.  Herrington,  Yale  University,  New  Haven,  Connecticut 

Low  Temperature  Considerations 

Edouard  Page,  Laval  University,  Quebec,  Canada 

Laboratory  Studies  on  Man  - 

H.  H.  Mitchell,  University  of  Illinois,  Urbana,  Ill. 

Studies  on  Troops  in  the  Field  . — - 

R.  M.  Kark,  University  of  Illinois  Medical  School,  Chicago,  Ill. 

The  Coordination  of  Research  Approaches  .... 

Ancel  Keys,  University  of  Minnesota,  Minneapolis,  Minn. 

Discussion  of  New  Research  Approaches 


176 

183 

191 

193 

195 

200 


vi 


Proceedings  of  the  Symposium 
NUTRITION  UNDER  CLIMATIC  STRESS 

I.  Practical  Problems  of  Service  Operations  Under  Climatic  Stress 


THURSDAY  MORNING  SESSION 
December  4, 1952 


Dr.  Elmer  N.  Nelson,  Presiding 

NELSON: 


This  symposium  came  about  through  a  request  from  the  Quarter¬ 
master  Food  and  Container  Institute  to  the  Subcommittee  on  Nutri¬ 
tion  of  the  Committee  on  Foods  of  the  Advisory  Board  on  Quarter- 
ster  Research  and  Development.  It  was  motivated  by  their  desire  to 
do  the  best  job  that  they  can  do  in  providing  food  for  the  Armed 
Forces.  In  order  to  attack  this  problem,  we  need  to  know,  first,  what 
are  the  problems  that  arise  from  military  operations  that  necessitate 
a  consideration  of  nutrition  under  climatic  stress.  This  part  of  our 
job  should  be  covered  in  this  morning’s  program. 


We  have  made  tremendous  strides  in  solving  various  problems 
relating  to  nutrition  through  the  use  of  experimental  animals  and  that 
applies  as  well  to  problems  relating  to  climatic  stress.  Such  studies 
have  their  limitations,  but  they  serve  as  a  very  useful  tool  in  deter¬ 
mining  what  can  or  what  should  be  done  in  studies  on  man.  This  after¬ 
noon  we  shall  learn  what  has  been  done  with  experimental  animals  in 
studying  the  problem  at  hand.  In  tomorrow  morning’s  program  we 
shall  deal^  with  similar  observations  on  human  subjects.  Tomorrow 
afternoon’s  program  is  designed  to  deal  directly  with  the  problems  at 
hand,  the  progress  made  in  their  solution,  and  the  most  profitable 
appioach  through  research  on  the  problems  before  us. 

Proceedings  of  the  symposium  should  provide  a  compendium  of  in- 
““  respAect  to  our  Present  knowledge  of  the  special  nutri- 
,  "®eds  '!f.  ou*'  Armed  Forces  by  reason  of  exposure  to  heat  or  cold 

the  test  oTth  the  3r,  Food.and  Container  Institute  to  discharge  to 

servicemen^  uZ  “m  ?  their  responsibility  of  providing  food  for 
servicemen  It  should  also  provide  them  with  a  background  of  infor 

matmn  that  will  keep  them  alerted  concerning  future  process 
Our  first  speaker  represents  the  Army. 
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Practical  Medical  Problems  of  Army  Operations 
Under  Climatic  Stress 

Lt.  Col.  H.  E.  Ratcliffe 

Surgeon  General’s  Office 
Department  of  the  Army 


The  primary  mission  of  the  Army  Medical  Service  is  to  conserve 
manpower.  This  is  evidenced,  I  think,  by  the  inscription  that  is 
placed  on  the  emblem  of  Medical  Corps  soldiers  which  says,  “To  con¬ 
serve  the  fighting  strength.”  Every  one  of  the  activities  of  the  Army 
Medical  Service  is  so  directed  that  man  and  his  environment  is  singled 
out  as  the  primary  problem  of  the  Army  Medical  Service. 

In  looking  at  our  mission  of  conserving  the  fighting  strength,  we 
are  concerned  not  only  with  the  administration  of  pills  for  illnesses, 
the  setting  of  fractured  bones,  and  the  removal  of  missiles,  but  also 
with  those  aspects  of  medicine  related  to  the  prevention  of  disease  and 
injury.  I  think  this  is  evidenced  by  the  very  excellent  record  the  Army 
Medical  Service  has  made  in  programs  such  as  immunization,  and  the 
sanitary  measures  which  have  led  to  a  tremendous  reduction  in 


diseases. 

So  far,  I  have  only  given  a  prelude  to  what  we  consider  to  be  the 
over-all  mission  of  the  Army  Medical  Services,  and  this  brings  us 
quickly  to  the  problem  of  climatic  stress.  But,  here  we  are  talking 
about  the  effect  of  climatic  stress  on  man.  We  are  concerned  primarily 
with  whether  or  not  man  is  able  satisfactorily  to  withstand  these  cli¬ 
matic  stresses.  If  man  breaks  down  under  climatic  stresses,  he  becomes 
a  problem  of  the  Medical  Service.  If  he  breaks  down,  he  has  a  disease, 
whether  it  be  physical  or  mental,  and  it  is  the  Medical  Service  s  par¬ 
ticular  mission  at  that  time  to  see  to  it  that  this  man  is  properly 
treated,  rehabilitated,  and  returned  to  duty. 

To  expand  this  further,  we  are  interested  not  only  in  preventing 
the  effects  of  climatic  stress  on  man,  but  also  in  the  broader  problem 
of  making  it  possible  for  that  man  to  perform  to  his  maximum  effi¬ 
ciency  under  the  adverse  conditions  of  climatic  stress  or  any  other 
type  of  stress  under  the  worst  possible  conditions  of i  warfare  It  i . 
only  by  so  doing  that  we  can  hope  to  keep  a  man  in  the  fightmg  l 
rather  than  in  the  hospital  where  he  becomes  a  problem  of  treatment 

and  rehabilitation.  . 

We  know  that  climatic  stress  as  well  as  many  other  types  o 
may  lead  to  such  conditions  as  anorexia,  nutntmna  deficiency, 
creased  resistance  to  infection,  and  physical  exhaustion  Stress  als 
can  contribute  directly  to  shock  and,  in  some  cases,  to  death 

We  are  interested  not  only  in  climatic  stress  as  a  separate  entity 
h„t  also  in  all  kinds  of  stresses  that  may  confront  the  individual 
under  conditions  of  combat.  These  may  include  anything  from  home- 
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sickness  to  caloric  deficiency.  When  we  add  all  varieties  of  climatic 
stress  to  other  stresses,  we  have  a  composite  situation  likely  to  lead  to 

an  increase  in  the  effect  of  disease  and  injury. 

Because  of  this  tremendous  interest  in  stress  on  the  part  ot  i  he 
Surgeon  General,  the  Medical  Research  and  Development  Board,  Office 
of  The  Surgeon  General,  requested  the  Division  of  Medical  Sciences  of 
the  National  Research  Council  to  appoint  a  special  group,  the  Ad  Hoc 
Committee  on  Stress.  This  Committee  asked  us  to  tell  them  in  broad 
general  terms  the  Army’s  medical  problems  in  the  field  of  stress.  We 
formulated  three  broad  questions: 

First,  how  can  stress  be  measured  in  order  to  adequately  differenti¬ 
ate  the  relatively  stressed  from  the  relatively  nonstressed  individual ? 
We  are  faced  with  the  problem  of  trying  to  determine  when  an  indi¬ 
vidual  himself  or  a  group  of  individuals  might  break  down  under  the 
composite  group  of  stresses  to  which  men  are  subjected  in  warfare ;  an 
answer  to  this  question  would  give  us  some  measure  of  individual 
stress  as  compared  to  other  men  in  the  group. 

Second,  what  can  be  done  to  increase  the  soldier’s  ability  to  with¬ 
stand  stress?  In  accord  with  our  time-honored  mission  of  preventive 
medicine,  we  are  interested  in  determining  whether  or  not  we  can 
increase  a  man’s  ability  to  withstand  stress  and  thereby  make  him 
available  longer  for  combat  missions. 

Third,  tv  hat  can  be  done  to  eliminate  or  alleviate  the  adverse  effects 
of  stress  on  the  soldier?  This  question  was  designed  to  elicit  data  for 
the  therapeutic  phase  of  this  program. 

We  are  also  concerned  with  such  things  as  being  able  to  alter  the 
man’s  metabolism  or  his  responses  to  stress  in  such  a  way  that  a  divi¬ 
sion  commander  or  Army  commander  could  commit  men  to  combat 
when  the  men  were  known  to  have  been  greatly  stressed.  This  is  a 
military  necessity  in  certain  situations. 


.  These  questions  were  considered  thoroughly  by  the  Ad  Hoc  Com¬ 
mittee  on  Stress.  They  tried  to  come  up  with  specific  answers.  Unfor¬ 
tunately,  we  have  not  yet  received  satisfactory  answers  to  these 
questions  neither  from  the  over-all  standpoint  of  stress  nor  from  the 
standpoint  of  climatic  stress.  We  are  still  interested  in  the  answers, 

stresTwhlth  thfV‘t  1S,  ,relatl^ely  imPossible  to  consider  an  isolated 
e17hether  ‘1  be  “ld  or  the  tropica'  Jungle.  We  have  to  consider 

1  have  purposely  talked  only  in  broad  generalities  We  have  manv 

Si 

ss.r2  L-srriI:d  e  s  ass 

must  take  the  view  that  we  probably  wi/rb^rrceVto^ghtln  the 
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cold,  and  probably  not  on  roads  but  in  the  deep  snow,  mountains, 
gorges,  or  perhaps  on  the  barrens  and  subarctic.  One  of  our  immediate 
problems  is  to  develop  a  medical  service  capable  of  following  the  com¬ 
bat  infantryman  off  the  roads  in  the  Arctic  and  subarctic  and  provid¬ 
ing  for  him  a  satisfactory  medical  service.  This  means  that  we  have  to 
get  to  the  patient  in  a  hurry,  because  an  injured  patient  in  the  Arctic 
can  withstand  his  injury  and  the  cold  for  only  minutes  rather  than  for 
hours. 

We  know  that  we  have  to  develop  satisfactory  ways  and  means  of 
evacuating  him  from  the  area  after  we  find  him.  At  present  there  are 
really  no  satisfactory  methods  for  even  finding  him.  In  the  blinding 
blizzards  of  the  Arctic  one  cannot  see  an  individual,  especially  when 
he  is  camouflaged  with  white  so  that  he  melts  together  with  the  snow. 
One  of  our  immediate  problems  then  is  to  mark  the  individual  so  that 
we  can  find  him.  After  we  get  to  him  we  have  to  transport  him  to  a 
medical  installation  which  can  provide  good  medical  care. 


Practical  Problems  of  Air  Force  Operations 
Under  Climatic  Stress 
Lt.  Col.  W.  E.  Bills 

Aero  Medical  Laboratory,  Directorate  of  Research 
Wright  Air  Development  Center 
W right-Patter son  Air  Force  Base 


The  Air  Force  has  a  keen  interest  in  the  effects  of  climate  on  opera¬ 
tional  activities.  Since  air  squadrons  function  in  practically  all  of  the 
earth’s  geographical  regions,  as  well  as  through  the  atmosphere  above 
these  regions,  it  follows  that  every  type  of  climate  or  weather  will  be 
experienced.  These  units  have  operated  in  all  global  areas  with  a 

generally  high  rate  of  effectiveness. 

Whenever  personnel  are  required  to  perform  under  extremes  ot 
cold  or  heat,  it  is  recognized  that  some  decrease  in  efficiency  will  occur. 
Their  work  difficulties  are  increased,  and  certain  hazards  may  be  en¬ 
countered.  In  meeting  these  climatic  variables,  ranging  from  the  ex¬ 
tremes  of  arctic  cold,  snow,  and  ice  to  the  hot  humidity  of  the  tropics, 

emphasis  is  continually  given  to  nutrition. 

Considering  the  adequate  levels  of  feeding  that  are  current  y 
planned  and  provided  throughout  the  Air  Force  together  with  the 
important  advancements  in  clothing,  equipment,  housing,  and  other 
human  protective  measures,  it  appears  that  climatic  stress  has  beco 
a  less  significant  factor  than  in  previous  years.  The  situation  is  also 
mire  favorable  for  the  Air  Force  in  that  operations  are i  largely 
initiated  from  established  bases,  possibly  located  at  a  consicierame 
distance  from  direct  enemy  contact.  This  means  that  the  majority  of 
Air  Force  personnel  can  benefit  from  readdy  available  ogi^ic  suppor^. 
Direct  exposure  to  adverse  environment  will  also  d 
eeneraltv  be  of  less  duration  than  that  of  the  Army  Field  Forces^ 

^  Considering  these  factors,  it  seems  reasonable  to  conclude  that  the 
dietary  status  of  USAF  personnel  is  at  present  satisfactory.  The 


are  no  indications  or  reports  of  any  ground  feeding  problems  of  a 
nutritional  nature  within  the  Air  Force  dining  hall  system. 

An  important  exception  to  the  preceding  comment  is  apparent  in 
the  Air  Force  survival  situations.  Survival  is  classed  as  a  separate 
and  difficult  problem  from  the  standpoint  of  nutrition.  It  follows  air¬ 
craft  emergencies  from  which  crewmen  bail  out,  or  make  forced 
landings  in  isolated  regions  and  behind  enemy  lines.  In  their  subse¬ 
quent  struggle  for  existence,  to  accomplish  an  escape  and  ultimate 
rescue,  the  availability  of  water  and  food  may  be  critical.  A  partial 
solution  is  achieved  by  the  attachment  of  small  emergency  kits  to 
parachutes,  life  rafts,  or  flight  clothing  used  in  military  aircraft.  These 
are  designed  to  hold  a  minimum  of  equipment  and  foods  for  such 
survivors. 


It  is  anticipated  that  survivors  will  undergo  some  water  imbalance 
and  caloric  deficit,  ranging  downward  to  possible  starvation  levels. 
This  will  be  alleviated  over  protracted  survival  periods  only  to  the 
extent  that  nutrients  can  be  foraged  from  the  surrounding  terrain. 
Desalting  kits,  fish  hooks,  hunting  gear,  and  similar  items,  are  included 
in  many  emergency  packs  to  assist  the  more  fortunate  and  resourceful 
airmen  in  living  from  the  land. 

Where  the  environment  is  completely  nonproductive,  which  it  may 
well  be,  the  survival  energy  potential  is  limited  to  the  water  and  food 
substances  that  can  be  carried  individually,  and  to  such  reserves  as 
are  available  in  the  body  tissues.  To  meet  such  emergencies,  two 
standard  survival-type  packets  of  concentrated  foods  have  been  pre¬ 
pared.  They  were  originally  designed  to  maintain  physical  condition 
and  morale  over  periods  of  approximately  ten  days.  These  criteria  no 
longer  satisfy  the  needs  of  survival  operations,  however,  and  accord¬ 
ingly  these  survival  rations  are  considered  inadequate.  The  reason  is 
that  aircraft  survivors  could  previously  exist  on  a  static  basis,  at  or 
near  the  point  of  bail-out,  while  waiting  for  search  and  rescue.  Since 
the  start  of  the  Korean  conflict  this  strategy  has  usually  not  been 
possible  because  airmen  downed  in  combat  zones  must  first  be  success- 
ful  in  escape  from  and  evasion  of  the  enemy.  Escape  and  evasion 
imposes  extreme  stress,  possibly  extending  over  many  days  or  weeks 
It  involves  much  higher  rates  of  caloric  expenditure,  with  a  corre- 
sponding  nutritional  imbalance. 

This  is  the  point  where  it  is  hoped  that  research  can  produce  the 
most  effective  solution.  The  Air  Force  need  is  for  a  tried  and  proven 
survival  ration,  suitable  for  use  on  a  global  scale. 

operations  PThit  Prima,7  collcf 1 "  to  the  Air  Force  is  that  of  flying 
Pi ei rations.  This  covers  all  periods  of  take-offs  and  landings  as  well 

as  time  in  the  air,  for  all  types  of  aircraft.  The  nutritional  needs  of 

ying  personnel  during  these  periods  may  be  provided  bv  three  metb 
ods,  commonly  referenced  nrp  1,  ^  nree  meth- 


in 
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recent  years  because  of  the  extended  ranges  and  high  performance 
factors  of  modern  aircraft. 

Flying  activities  often  interrupt  and  modify  the  living  habits  of 
personnel,  including  those  of  sleeping,  eating,  or  drinking.  The  pri¬ 
mary  purpose  behind  flight  feeding  efforts  is,  accordingly,  to  assist 
aircrews  and  also  aircraft  passengers  in  their  adjustment  to  work 
demands  of  the  air.  Field  observations  from  various  sources  have 
indicated  that  non-feeding  or  irregular  eating  practices  over  an  ex¬ 
tended  period  contribute  to  fatigue,  human  error,  and  possibly  to 
aircraft  accidents.  The  value  of  flight  feeding  determining  general 
bodily  comfort  and  morale  is  even  more  commonly  recognized.  The 
final  purpose  of  flight  feeding  is  to  promote  the  best  in  human  per¬ 


formance. 

Pre-flight  and  post-flight  feeding  are  implemented  through  the 
ground-kitchen  facilities,  which  may  be  readily  available  and  effective 
at  some  Air  Force  bases  but  inoperative  at  others.  In-flight  feeding 
is  comparatively  more  difficult  because  the  limitations  of  aircraft 
restrict  food  preparation  and  consumption.  The  two  ground  phases 
are  therefore  planned  to  counterbalance  and  compensate  for  any  in¬ 
flight  periods  of  marked  nutritional  deficit. 

For  optimum  crew  conditioning,  special  training-table  provisions 
are  sometimes  necessary  in  squadrons  undergoing  severe  combat  stress 
or  long  training  flight  performed  at  high  altitudes.  Food  servicing  is 
most  often  a  matter  of  individual  responsibility,  however,  with  per¬ 
sonnel  obtaining  separate  flight  subsistence  from  Air  Force  supply 
sources,  commercial  stores  and  restaurants,  or  their  respective  homes. 
Aircrewmen  are  indoctrinated  and  encouraged  to  follow  conscien¬ 
tiously  a  good  dietary  pattern.  ,  ,. 

Effective  pre-flight  preparations  require  that  each  person  boarding 

an  aircraft  should  consume  a  freshly  prepared,  balanced  meal  an  hour 
“  t '  n  wore  expected  take-off.  This  usually  is  a  breakfast  menu  of 
fairly  light  proportions,  even  though  it  may  be  scheduled  at  various 
times  oi  day  or  night.  Under  pleasant,  unhurried  eating  conditions, 
a  desirable  relaxation  and  a  regularity  of  digestion  are  encouraged 

F  ehter  Pilots  and  some  bomber  crews  may  require  more  specific 

diet  control  to  reduce  the  incidence  of  gas  pains  and  improve  oxygen 
diet  control  ,  Rio-id  diets  are  not  promoted  because 

effectiveness  at  hjgh  atitudes  Rg  ^  and  pj;eferences  among 

in  cr  ohydratT, 

^rmght^eding  is  a  rather 

other  procedures.  Prior  to  World  War  I-  ^/the  ajr.  The 

p r ese nHy Increased' needs  f or Tn-fl i gh t  nutrition  have  evolved  from  the 
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very  long  missions  that  are  possible  with  range  extension  methods. 
Some  degree  of  in-flight  feeding  is  now  routine  in  most  Air  Force 

operations.  , 

Factors  which  influence  the  extent  and  success  of  food  servicing  in 

aircraft  are  numerous.  Meals  eaten  aloft  are  often  a  nutritional  com¬ 
promise  with  the  practical  realities  of  limited  aircraft  space,  ecjuip- 
ment,  and  other  demands  of  the  flying  situation.  Accordingly,  no 
single  method  of  in-flight  feeding  or  standard  type  of  food  packaging 
can  completely  fulfill  all  of  the  changing  needs.  The  satisfactory 
feeding  operation  must  feature  simplicity,  ease  of  support,  and  a 
variety  of  well-liked  foods  and  beverages  in  attractive  combinations. 
To  some  extent  this  requires  a  different  prescription  of  meal  types 
and  food  servicing  equipment  for  each  model  of  aircraft  and  to  a 
degree  for  each  kind  of  flight  mission. 

Air  force  equipment  directives  indicate  that  drinking  fluids  should 
be  supplied  in  all  aircraft  capable  of  flying  .over  three  hours,  in  quan¬ 
tities  of  one  quart  per  crew  member  or  passenger  for  each  16  hours 
of  flight.  Flight  lunch  storage  and  heating  facilities  are  similarly 
scheduled  for  aircraft  with  over  six  hours’  flight  duration,  with  one 
added  meal  for  each  subsequent  six  hours. 

Field  observations  showr  trends  in  aircrew  feeding  habits  that  are 
common  enough  between  different  Air  Force  commands  to  be  classed 
as  “in-flight  peculiarities.”  The  appetites  of  crew  members  usually 
decrease,  especially  in  the  final  hours  of  long  flights,  and  the  taste 
acceptance  of  food  items  is  more  critical.  Features  of  the  military 
aircraft  environment,  such  as  work  concentration,  noise,  vibration, 
decreased  oxygen,  etc.,  all  tend  to  reduce  the  digestive  processes.  The 
extreme  tensions  of  air  emergencies  and  active  combat  may  completely 
inhibit  gastric  function. 


The  taste  acceptability  of  certain  food  items  may  differ  between 
ground  level  and  altitude,  for  reasons  other  than  jaded  appetite,  ex¬ 
citement  or  fatigue  stress.  Some  comparative  acceptance  studies  have 
been  made  which  show  the  different  rating  percentages  between  food 
types,  with  some  being  lower  in  the  air  than  on  the  ground. 

Monotony  of  diet  is  a  further  in-flight  problem  for  aircrews,  but  it 
(  oes  not  apply  to  airborne  troops  and  passengers  who  travel  less 
frequently.  I  assenger  personnel  generally  consume  heavier  meals 

vent^hp  f  fliRht  Strain  °r  tedium‘  Their  eatin*  also  Pre¬ 

vents  the  feeling  of  emptiness  and  other  gastric  discomfort  which 

prfedlspose,  airsickness  in  certain  susceptible  individuals 
pp  oximately  six  hours  are  recommended  between  in-flight  meals 

are  d™ able  dur £  *th  ^  SUKa^ieldi»*  *°od  supplements 

and  shouMbetr^  S  ™  ^-tant 

feeding*-  m  mea'S  are  present|.v  authorized  for  in-flieht 
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fresh  hot  meal  is  in  an  experimental  stage  of  development.  Each  of 
these  has  specific  advantages  and  purposes  which  are  considered  by 
the  aircrew  before  selections  are  made  for  a  particular  flight. 

Summary 

First,  it  is  shown  that  climatic  or  altitude  stress  in  itself  is  not  a 
limiting  factor  to  present  crew-feeding  practices.  Although  flying 
personnel  are  surrounded  by  a  number  of  dangerous  stress  factors  of 
space  and  flight,  they  are  normally  protected  from  exposure  by  engi¬ 
neering  devices  in  the  aircraft.  These  include  pressurized  and  heated 
cabin  compartments,  oxygen  systems,  special  clothing,  etc.  In  effect, 
the  flyer  travels  in  a  man-made,  temperate  microclimate,  regulated  for 
human  efficiency  and  normal  tolerances. 

Second,  we  find  that  the  air-feeding  techniques  as  they  stand  today 
are  essentially  adequate  for  the  situation.  The  way  appears  clear,  with 
our  present  knowledge,  to  fulfill  the  immediate  requirements. 

Third,  we  must  admit  that  if  the  future  aircraft  designs  and 
operational  plans  further  increase  the  stress  factors,  present  knowl¬ 
edge  and  present  thinking  may  not  be  adequate.  Further  study  might 
be  required  in  an  effort  to  raise  human  tolerances  to  heat  or  to  upper 
space,  and  to  devise  new  techniques  in  the  field  of  nutrition  to  maintain 
flying  efficiency. 

Finally,  it  is  considered  that  biological  research  with  respect  to 
climatic  stress  is  time  consuming  and  may  often  result  in  a  negative 
finding.  One  of  the  reasons  why  the  engineering  approach  is  com¬ 
monly  used  is  that  more  specific  solutions  can  usually  be  leached, 
engineering-wise,  in  a  shorter  time  than  is  possible  by  the  biological 
approach.  It  is  necessary,  of  course,  to  have  both  approaches  in  mind 
in  the  hope  that  each  will  contribute  to  the  solution. 


Some  Practical  Cold  Climate  Feeding  Problems 
In  Canadian  Service  Operations 


Major  J.  G.  Armstrong 

Food  Section,  Defence  Research  Medical  Laboratories 
RCAF  Station,  Toronto,  Ontario 


Variations  in  climatic  conditions  are  of  practical  importance  n 
relation  to  feeding  Service  personnel  in  Canada,  and  it  should  be  stated 
at  once  there  are  many  types  of  climate  in  Canada  (1,  2).  Even 
the  Arctic  Archipelago  temperatures  are  not  always  low '  h  the 

expected  to  rise  above  65°F.  at  least  one  or  two  days  a  year  Along  the 
arctic  coast  temperatures  may  rise  to  75  or  80  F  and  at  ml 
points,  even  higher  temperatures  are  reached  On  the  prama* amn 
the  interior  of  British  Columbia  average  July  *5®^ 

proximately  70°F.  and  temperatures  of  105  and  i08  F.  b 

recorded.  Average  January  temperatures  on  the  prairies  and 

northern  Ontario  and  Quebec  are  Jwan  and 

whiie _ 56  °F.  has  been  recorded  both  at  Regina,  baskat  » 

near  Lake  St.  John,  Quebec. 
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Our  main  interest,  of  course,  is  to  consider  the  feeding  methods 
and  situations  which  exist  under  cold  weather  conditions.  For  our 
purposes  we  may  broadly  classify  Service  feeding  situations  into  three 

groups :  , 

(a)  situations  where  bulk  rations  may  be  used ; 

(b)  situations  where  packaged  rations  are  required ; 

(c)  situations  where  feeding  is  based  on  the  bare  requirements 
for  survival. 

The  Services  agree  in  the  principle  that  bulk  rations  should  be 
used  wherever  possible.  This  generally  means  where  kitchen  facilities 
can  be  provided  or  improvised.  Most  Canadian  Service  personnel 
whose  duties  have  exposed  them  to  cold  weather  situations  have  been 
able  to  live  in  permanent  or  semipermanent  accommodations  where 
bulk  rations  are  prepared  and  served.  This  applies  to  Naval  personnel 
operating  in  arctic  waters  or  shore  establishments,  Army  personnel 
in  various  camps  across  northern  and  central  Canada,  and  RCAF 
personnel  even  in  stations  on  the  arctic  coast.  In  addition,  some  small 
groups  like  signal  detachments  and  mobile  parties  operating  tractor 
trains  have  successfully  used  bulk  rations  with  a  little  initial  prepara¬ 
tion  at  base.  The  principal  advance  preparation  has  been  cutting  the 
meat  into  steaks,  chops,  etc.  Other  items  including  flour,  rolled  oats, 
canned  goods  generally,  root  vegetables  and  fresh  eggs  have  been 
taken  as  issued ;  all  items  are  kept  frozen  until  used. 

Groups  having  fewer  cooking  facilities  and  possibly  less  time  for 
preparation  in  the  field  have  also  been  able  to  use  bulk  rations,  but 
additional  advance  preparation,  cooking  and  freezing  the  food  in 
individual  or  small  group  portions,  has  been  required.  Generally, 
these  foods  have  been  wrapped  in  waxed  paper,  placed  in  kraft  paper 
bags  and  stored  in  small  shipping  cases  for  several  days  or  weeks  until 
required.  For  eating,  such  precooked  frozen  rations  require  only 
thawing  and  heating.  This  method  of  feeding  has  been  used  by  several 
groups  when  there  was  enough  time  for  preparation  at  base  and 

e”®ug^.init1iatlve  among  the  men  involved.  All  groups  using  this  type 
of  feeding  have  reported  satisfaction  with  it. 

In  some  operational  situations,  there  is  no  opportunity  to  use  bulk 
rations  satisfactorily.  In  such  cases,  packaged  rations  must  be  pro- 
r‘t‘i‘,noF1°r  the.  Canfdian  Armed  Forces,  two  main  types  of  packaged 
ration  pack  deVeloped  at  present :  a  Ave-man  and  a  one-man 

Saw  a^M:^“Ual  r*-’  mak-SUem  ZslTt 

containers.  This  rati^™^^ 
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where  extended  use  of  the  ration  is  necessary.  Each  case  weighs 
approximately  30  pounds.  It  is  intended  generally  for  use  by  person¬ 
nel  without  kitchen  facilities  but  who  can  be  supplied  by  transport. 

The  One-Man  Ration  Pack  may  be  compared  with  the  US 
Arctic  Trail  Ration.  It  is  intended  for  use  whenever  personnel 
may  have  to  carry  their  own  supplies  for  more  than  one  or  two 
days.  It  is  desired  that  the  completely  packaged  item  should  weigh 
less  than  three  pounds  and  that  the  foods  should  require  little  or  no 
preparation  for  eating.  We  find  that  some  further  development  is 
required  to  satisfy  these  utility  characteristics  and  yet  provide  an 
adequate  quantity  of  palatable  foods. 

The  third  feeding  situation  is  that  met  in  survival  conditions.  All 
three  Canadian  Services  are  faced  with  the  problem  of  survival  in  the 
cold.  Each  Service  at  present  has  at  least  one  food  packet  for  this 
purpose,  and  all  are  different.  Nevertheless,  our  nutrition  advisors 
consider  that  similar  physiological  requirements  exist  in  the  three 
Services  and  have  stated  goals  for  survival  feeding  approximately  as 


follows : 

(a)  Each  man  should  be  provided  with  at  least  400  cal.  of  food  and 
500  cc.  water  per  day,  and  if  possible,  800  cal.  and  800  cc.  per 
day. 

(b)  Since  the  special  value  of  protein  at  these  caloric  levels  seems 
questionable  and  since  carbohydrates  are  recognized  to  have 
water-  and  protein-sparing  values,  it  is  suggested  that  at  least 
80%  of  the  calories  should  come  from  carbohydrates  and  the 
remainder  of  the  calories  from  fat  and  protein,  with  the  pro¬ 
tein  being  restricted  as  far  as  possible  within  the  limits  of 


palatability. 

(c)  The  foods  chosen  should  be  familiar  ones  as  far  as  possible 
and  may  include  two  or  more  different  foods  for  the  sake  of 
variety,  but  investigation  should  be  made  to  learn  if  a  single 

foodstuff  would  be  satisfactory.  A  .  . 

On  the  basis  of  these  recommendations  it  is  expected  that  survival 
food  packets  for  the  three  Canadian  Armed  Forces  will  become  more 
nearly  alike.  It  is  possible  that  a  single  packet  may  be  developed 
which  will  be  provided  in  multiples  adjusted  to  the  requirements  of 


^"in'thifbrierreview  of  feeding  situations  and  methods,  a  few 
problems' have^been  suggested.  There 

whose  solution  may  contribute  appreciably  to  the  improvement  o 

feeMorei"n7orml,ufn1Thould  be  obtained  concerning ^  ^"ly 
kinds  of  food  required  by  men  in  cold  ch ma  tes.  Thew  are  ^artujul. irly 

qui^e7.alWe Uhavenhearde thatrmenn  iif  sortm  cold  weather  situations 
have  had  a  craving  for  fat  food3a  Hon  u  one  of  the  obvious  ways  to 
providl^dief  higeh  fn  caTories  with  limited  bulk  and  weight.  However, 
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we  have  received  no  specific  reports  of  Service  personnel  desiring 
high-fat  diets.  Acceptability  ratings  obtained  for  ration  pack  items 
almost  invariably  place  sweet  foods  and  hot  liquid  foods,  like  bever¬ 
ages  and  soups,  in  the  places  of  greatest  popularity.  Some  reports 
have  indicated  a  desire  for  more  vegetables  in  ration  packs,  and  for 
more  fresh  fruit  and  vegetables  in  bulk  rations  at  far  north  stations 
when  air  supply  is  possible.  Also  we  understand  from  the  work  of  Dr. 
Dugal  ( 3 )  at  Laval  University  that  a  high  intake  of  ascorbic  acid  has 
values  in  cold  adaptation  for  several  species  of  animals  including 
monkeys  and  it  may  be  that  this,  or  other  dietary  constituents, p  may 
have  special  values  for  men  in  a  cold  environment. 

Although  there  may  not  be  a  natural  desire  among  Service  per¬ 
sonnel  for  a  high-fat  diet  during  cold  weather  operations,  we  have 
wondered  if  it  is  a  desirable  diet?  and  if  so,  can  education  and  training 
make  it  practicable?  Such  a  ration  has  advantages  at  least  where 
weight  and  volume  are  important.  Although  both  our  experience  and 
our  nutrition  advisors  recommend  caution  in  developments  in  this 
direction,  some  exploration  of  this  question  would  seem  to  be  in  order. 
In  the  two  or  four  weeks  training  which  Canadian  Service  personnel 
generally  receive  in  cold  weather  operations,  it  is  felt  even  now  that 
more  attention  should  be  given  to  feeding  if  only  to  make  good  use 
of  the  rations  now  provided.  Would  it  be  possible  if  the  training  period 
were  to  be  extended  to  a  month  to  effect  an  adjustment  to  a  high-fat 
diet?  if  so,  would  these  benefits  be  lasting?  and  would  it  help  in  the 
use  of  body  fat  in  survival?  Answers  to  such  questions  would  be  useful 
in  survival  ration  design. 

It  has  also  been  noticed  that  reports  of  food  requirements  for  men 
of  approximately  the  same  size  and  doing  the  same  type  of  work  indi¬ 
cate  considerable  variations  from  the  average  U) .  We  have  wondered 
about  the  reasons  for  this — why  one  man  makes  efficient  use  of  the 
food  he  consumes  and  why  another  is  inefficient — and  we  have  won¬ 
dered  if  in  these  reasons  there  might  be  some  light  thrown  on  the 

problems  of  reducing  the  amount  of  food  required  in  a  cold  weather 
patrol  ration. 

Improvements  in  equipment  and  techniques  for  cold  weather  feed¬ 
ing  would  appreciably  facilitate  operations  under  these  conditions, 
ihe  assistance  might  be  greatest  in  extending  the  use  of  bulk  rations 
either  in  uncooked  or  in  precooked  forms,  but  it  could  apply  also  to  the 
preparation  of  packaged  rations. 

Development  of  new  and  improved  dehydrated  foods  would  be  a 
tWpT  aT lstan1c.e  ?old  weather  feeding  activities.  By  their  nature 

pact  ntvToulfhVn  TqiSht  and  ^  Can  generall>'  be 

or  a^icf^f^they  were^quitef palatable "uiev 

robileTuat^n^fc'oS  **  °f  feedin*  pers0"nel  in 
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because  of  water  losses  through  respiration  in  a  dry  atmosphere,  are 
greater  than  may  be  recognized.  Because  it  is  a  slow  and  tedious 
task  to  melt  snow  and  obtain  water  by  that  means,  there  is  danger  that 
personnel  will  content  themselves  with  insufficient  water,  and  dehy¬ 
dration  may  become  a  serious  result.  It  is  on  record  (5)  that  during 
Exercise  Musk  Ox  75%  of  the  men  complained  of  unsatisfied  thirst. 

The  last  aspect  of  feeding  in  the  cold  which  will  be  noted  is  that 
cold  weather  is  in  general  accompanied  by  short  days  or  the  absence 
of  daylight.  This  greatly  affects  daily  schedules  of  activities.  Often 
when  days  are  short  an  effort  is  made  to  accomplish  as  much  as  pos¬ 
sible  between  sun  rise  and  sun  set  and  the  noon  meal  is  omitted.  In 
any  case,  a  rest  of  more  than  a  few  minutes  is  often  not  feasible  with¬ 
out  shelters  and  so  a  moving  party  may  not  stop  to  prepare  food 
between  camp  sites.  Feeding  often  consists  of  hot  meals  morning  and 
night  with  a  series  of  small  snacks  in  between.  This  creates  problems 
for  all  personnel,  requiring  them  to  adjust  their  habits  to  this  type  of 
feeding,  and  poses  additional  problems  in  the  development  of  suitable 
foods. 

Feeding  in  the  cold  may  be  expected  to  require  more  planning, 
more  preparation,  and  to  demand  more  time  than  in  warmer  climates. 
It  has  been  customary  in  Canadian  cold  weather  exercises  for  men  to 
spend  three  hours  a  day  in  the  preparation  of  food  and  water.  With 
the  other  duties  of  preparing  shelters,  maintenance  of  equipment, 
vehicles,  etc.,  some  men  have  not  had  time  for  these  feeding  needs. 
With  this  situation  made  worse  under  operational  conditions  it  may 
be  expected  that  the  preparation  of  food  and  water  would  be  neglected 
and  that  physical  deterioration  would  be  severe  in  many  cases.  It 
seems  important,  therefore,  that  particular  attention  should  be  given 
now  to  cold  weather  feeding  methods.  We  hope,  however,  that  if  action 
is  taken  now,  improvements  in  feeding  can  be  made  which  will  permit 
Service  personnel  to  operate  efficiently  under  cold  conditions. 
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Summary  Remarks 

Austin  F.  Henschel 

Director  of  Research 

Quartermaster  Climatic  Research  Laboratory 
Research  and  Development  Command,  Quartermaster  Corps,  U.  S.  Ay  my 


All  problems  of  service  operations  are  intensified  under  conditions 
of  climatic  stress.  Heat,  cold,  wind,  rain,  sleet,  snow,  slippery  and 
muddy  terrain,  all  add  to  the  burdens  of  the  Defense  Forces  from 
the  individual  soldier  in  his  foxhole  to  the  Army  general  charged  with 
the  over-all  strategy  and  coordination  of  the  operations.  No  man  nor 
technical  service  is  immune.  Although  the  complexion  of  the  problems 
may  appear  different  among  the  Services,  in  reality  all  are  concerned 
with  developing  whatever  techniques  are  possible  to  help  insure 


success. 

Problems  of  service  operations  under  climatic  stress  are  present 
for  every  item  of  equipment  furnished  and  used  by  the  Department 
of  Defense.  Since  we  do  not  have  the  time  to  discuss  all  the  problems, 
I  shall  limit  my  remarks  to  difficulties  encountered  in  feeding  men  in 
the  Arctic. 

The  problems  resolve  themselves  mainly  into  (a)  getting  things 
to  the  place  where  they  can  and  will  be  used  by  the  men  and  (b) 
supplying  the  nutrients  in  sufficient  quantity  and  quality  to  maintain 
the  men  with  the  minimum  of  deterioration  regardless  of  the  degree 
of  cold  stress  to  which  they  are  exposed.  Admittedly,  these  problems, 
at  least  the  first  group,  are  more  urgent  to  the  Army  than  to  the  Navy 
and  Air  Force,  since  the  latter  two  Services  tend  to  operate  out  of 
relatively  fixed  bases.  The  Army,  on  the  other  hand,  is  always  on  the 
move  and  frequently  is  not  sure  where  it  has  supplies,  how  many  sup¬ 
plies  are  available,  or  how  the  supplies  will  get  to  the  men  who  need 
them. 


Climatic  extremes  introduce  serious  problems  into  the  supply  and 
use  of  food.  In  hot  climates,  the  major  problem  is  one  of  storage. 

eterioration  of  rations,  both  fresh  and  canned,  occurs  rapidly  in  the 
tropms  and  desert.  There  is  actually  a  problem  of  getting  the  food 
after  it  is  cooked  to  the  soldier  before  it  spoils.  Acceptability  of  items 

wrr/  ,ant  u  H|e  h0t  Climates-  As  for  sPecific  nutrients,  except  for 
erent  innwaf  ’  the  requirements  do  not  appear  to  be  essentially  diff¬ 
erent  in  hot  from  those  of  temperate  climates. 

Problems  of  feeding  men  in  the  Arctic  are  indeed  stupendous 
Transportation  of  rations  and  equipment  into  the  zone  of  operation 
requires  special  vehicles.  Aircraft  with  dropping  or  parachuting 
equipment,  weasels,”  and  snowmobiles  are  about  the  Ponly  motor 
transport  media  that  can  be  used.  It  must  not  be  overlooked  thaT  dog 

‘ranker  ’rr',-  u-  ^ 

tion  present  extreme  difficulties  In  the  onen  °f  trailsP°rta- 
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for  anything  else  besides  keeping  hirmself  warm  at  that  temperature. 

Even  when  the  rations  have  been  delivered  to  the  forward  areas, 
the  trouble  usually  has  only  started.  Until  one  has  tried  to  cook  food 
when  the  wind  is  blowing  20  to  30  miles  per  hour  with  the  temperature 
down  below  zero,  when  he  is  miserably  cold  with  aching  fingers  that 
will  hardly  bend,  when  the  source  of  heat  is  a  one-burner  gasoline 
stove  or  a  small  wood  fire — only  then  has  he  experienced  complete 
frustration  and  utter  hopelessness.  In  an  open  pan  the  rations  can 
hardly  be  defrozen,  much  less  cooked  or  heated.  Even  with  a  pressure 
cooker  it  may  take  an  hour  or  longer  to  warm  up  a  can  of  C-ration 
beans  that  have  been  cold-soaked  all  day  on  an  arctic  sled.  The  deep 
tiredness  that  comes  over  one  by  the  end  of  a  day’s  travel,  plus  the 
seeming  futility  of  even  trying  to  heat  a  ration  at  that  time,  makes 
proper  nutrition  difficult  under  actual  active  arctic  operations.  In 
base  camps,  on  the  other  hand,  where  semi-permanent  shelters  are 
possible  and  field  kitchens  can  be  used,  caloric  intakes  and  food  ac¬ 
ceptability  are  high  and  the  problems  of  feeding  appear  to  be  mainly 
a  problem  of  supply. 

There  are  several  important  questions  relative  to  nutrition  in 
extreme  climates  which  will  undoubtedly  be  answered  during  the 
course  of  this  symposium.  These  questions  are:  (a)  Does  exposure  to 
climatic  extremes  alter  the  quantity  of  nutrients  or  the  kinds  of 
nutrients  required  to  maintain  optimal  physiological  functioning? 
(b)  Do  the  quantity  and  quality  of  nutrients  consumed  influence  the 
processes  of  adaptation  to  extreme  climates?  (c)  Does  the  quantity 
or  the  quality  of  nutrients  consumed  in  any  way  alter  the  processes 
of  recuperation  following  exposure  to  climatic  stress?  (d)  Is  it  pos¬ 
sible  to  prevent  the  deterioration  resulting  from  exposure  to  extreme 
climates  by  including  in  the  diet  any  special  nutrients? 


These  are  practical  problems,  the  answers  to  which  will  be  of 
great  value  to  those  charged  with  the  responsibility  for  maintaining 
+v.Q  n rrVi+in «•  man  maximallv  effective  under  all  climatic  conditions. 


but  in  formulating  any 
fact  that  climate  and 
problem. 
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Discussion  of  the  Practical  Problems  of  Service  Operations 

Under  Climatic  Stress 

NELSON" 

You  have  had  placed  before ^you  in  a  very  realistic  way  some  of  the  practical 
problems  that  result  from  climatic  stress.  Have  you  any  questions. 

MITCHELL:  .  ,  .  ^  _  . 

Colonel  Bills,  in  the  preparation  of  in-flight  meals  in  the  Air  Force,  has  any 
advantage  been  taken  of  the  findings  in  several  laboratories  during  the  World 
War  of  the  special  advantages  of  carbohydrate  food  in  combating  the  stress  of 
low  pressure  of  oxygen? 


BILLS:  . 

Yes,  it  is  recognized,  and  there  is  a  preponderance  of  carbohydrates  in  food 
components  of  the  in-flight  rations  and  the  pre-flight  rations.  In  the  instance  of 
fighters  or  bombers  going  to  high  altitudes,  a  specific  carbohydrate  packet  is 
provided.  This  all-carbohydrate  package  is  slipped  in  the  flyer’s  pocket.  Air  crew¬ 
men  on  their  own  will  often  take  candy  bars,  fruit,  and  other  carbohydrates 
with  them. 


YOUMANS: 

You  will  have  noticed  perhaps  that  the  Service  representatives  for  the  most 
part  in  their  discussion  have  talked  about  the  practical  difficulties  of  supplying 
foods.  Dr.  Henschel  has  emphasized  another  phase  of  the  practical  problem,  and 
that  is  what  particular  demands  are  made  by  the  climatic  stresses  in  relation 
to  nutrition.  These  are  two  different  problems.  Nutrition  is  distinct  from  the 
problem  of  furnishing  materials  which  will  satisfy  the  extra  demands,  if  any, 
caused  by  climatic  stresses.  I  think  if  we  keep  those  two  phases  of  the  problem 
somewhat  distinct  in  our  discussion  we  will  get  a  clearer  idea  of  the  answer. 

KARK: 

Colonel  Ratcliffe,  in  the  last  war  some  theater  commanders  developed  their 
own  rations  for  use  by  troops  and  on  occasion  these  were  very  imbalanced.  Is 
it  still  true  that  the  theater  commander  is  responsible  for  rations  in  his  own 
area,  and  if  true,  what  has  been  done  or  has  anything  been  done  to  teach  a 
course  on  the  physiology  of  nutrition  at  the  War  College? 

RATCLIFFE: 

The  latter  question  I  can  answer  quickly.  I  don’t  know  whether  or  not  there 
is  a  course  at  the  War  College.  The  rations  in  the  theater  are  regulated  centrally, 
but  since  they  are  forced  to  procure  rations  from  locally  available  sources  the 
substitution  problem  becomes  a  great  one.  Central  direction  helps,  of  course 
m  the  formulation  of  the  over-all  ration. 

YOUMANS: 

PoM  Is  thaTtrue?^8  Pr°P°Sed  that  a  course  in  nutrition  be  given  at  West 


RATCLIFFE: 

I  don’t  know. 

SPECTOR: 

e 

opera^in^^nufltaneously^In  1&5nsideHnglttheetota^eproblema  w^musj^be^aware 
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of  an  of  these  stresses  and  their  ramifications.  The  greatest  progress  during  this 
erence  can  be  made  if  we  limit  ourselves  to  the  man  himself.  We  will  be 

wkhlaw1hfltpC°nCe-rned  W!itha  accll™atization>  Physical  economy,  metabolism,  and 
h  whatever  increased  demands  are  made  from  the  nutritional  standpoint  in 

ordei  to  maintain  the  operational  efficiency  of  the  man.  Basically,  the  question 
is:  11  we  don  t  increase  our  food  supply  over  normal,  will  we  get  a  deterioration 
in  the  group?  We  must  be  aware,  of  course,  of  other  limitations,  such  as  food 
supply  and  similar  operations  that  come  into  the  picture. 

We  should  take  cognizance  during  the  conference  of  Navy  problems,  and 
hence  I  would  like  to  solicit  comments  from  the  Navy  people  who  are  here  as 
to  whether  or  not  the  Navy  problems  are  essentially  different  from  those  of  the 
Air  Foice  and  the  Army.  It  may  be  that  the  Navy  is  in  somewhat  of  a  favored 
position  in  that  they  can  operate  in  an  “air-conditioned”  atmosphere.  That  is, 
in  the  tropics  they  have  engineering  facilities  for  cooling,  and  in  the  arctic 
facilities  for  heating  the  ship.  It  may  be  that  Navy  problems  are  not  as  serious 
as  those  of  the  other  Services — or  perhaps  their  problems  are  essentially  no 
different  from  those  of  the  Air  Force  or  the  Army.  The  Navy  people,  however, 
should  comment  on  that  point. 


CLAGUE: 

The  Navy  situation  is  more  analogous  to  the  Air  Force  than  to  the  Army 
situation  in  that  naval  vessels  are  able  to  carry  provisions  which  will  provide 
personnel  with  food  that  is  adequate  according  to  our  present  knowledge  of 
nutrition.  Furthermore,  the  Navy  operates  in  the  sea  primarily,  and  of  course 
the  water  tempers  the  climatic  conditions,  so  you  do  not  encounter  the  extremes 
which  the  Army  may  encounter.  There  are,  obviously,  exceptions  to  this  generally 
satisfactory  situation.8 

The  Navy’s  nutrition  problem  with  respect  to  cold  environment  is  perhaps 
more  severe  than  first  thought  would  indicate.  In  spite  of  the  fact  that,  unless 
ships  are  frozen-in,  the  ambient  temperatures  to  which  naval  personnel  might 
be  exposed  would  rarely  get  below  — 20°  F.  and  in  spite  of  the  fact  that  tem¬ 
peratures  seldom  go  below  freezing  except  in  polar  and  subpolar  regions,  the 
effect  of  moderate  cold  is  intensified  by  heat  loss  due  to  high  winds  from  the 
speed  of  the  ship.  Of  course,  in  the  event  that  ships  are  operating  in  such  cold 
environments,  the  heating  of  the  vessel  protects  most  of  the  personnel  aboard 
from  climatic  stress;  however,  during  deck  duty,  such  as  watch,  alerts,  and 
battle  conditions,  and  also  during  emergency  survival  situations,  there  may  be 
prolonged  exposure  to  cold. 

Hot  humid  environments  are  frequently  imposed  on  naval  personnel.  The 
submarine  atmosphere,  for  example,  often  provides  this  type  of  climatic  stress, 
since  effective  temperatures  may  at  times  be  very  high.  Temperatures  as  high 
as  124°  F.  with  the  humidity  level  at  98%  and  lasting  for  13  hours  have  been 
recorded.  In  the  maneuvering  room,  in  particular,  temperatures  have  been 
known  to  reach  125°  F.  during  which  time  men  must  strip  down  to  shorts  with 
even  socks  and  shoes  removed.  A  similar  but  less  marked  situation  is  true  of 
ships  not  equipped  with  mechanical  cooling  and  operating  in  the  tropics.  This 
is  particularly  the  case  in  troop  ships  where  there  may  be  considerable  crowd¬ 
ing  during  transport. 

Our  Office  has  had  contradictory  reports  about  the  nutrition  picture  as  far 
as  the  Marine  Corps  is  concerned,  but  it  would  seem  reasonable  to  assume  that 
the  Marines  would  at  times  face  conditions  similar  to  those  of  the  Aimy. 

The  Navy,  therefore,  has  a  vital  interest  in  the  subject  of  this  symposium 
and  in  any  information  now  existent  or  to  be  gained  which  can  be  applied  to 
reduce,  through  the  medium  of  nutrition,  the  effect  of  temperature  extremes  on 

health  and  performance. 


8  The  following  statement  was  submitted  by  Freeman  H  Quimby,  head, 
Physoiology  Branch,  Office  of  Naval  Research,  in  extension  of  these  remarks. 
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SP  Perhaps  we  should  consider  some  of  the  nutritional  effects  of  other  environ- 
mental  conditions  such  as,  for  instance,  that  on  an  aircraft  carrier.  What  m  g 
be  the  change  in  the  nutritional  aspects  because  of  the  effects  on  man  of  the 
high  noise  level,  for  example,  from  the  jet  plane,  and  so  on? 

In  addition  to  having  the  problems  of  the  Army  and  the  Air  Force,  the  Navy 
also  has  the  problem  of  submarine.  Here  you  have  a  little  different  situation 
particularly,  the  stress  that  accompanies  submersion  for  long  periods  of  time. 
I  would  say  the  Navy  has  a  tremendous  problem. 

NELSON: 

We  all  recognize  that  there  are  problems  of  environment  other  than  climatic 
stress,  but  what  the  QM  Food  and  Container  Institute  was  particularly  interested 
in  at  the  moment  was  climatic  stress. 


SARGENT: 

As  a  member  of  the  Meteorological  Society,  I  have  had  a  lot  to  do  with 
environmental  physiology  problems.  The  nutritionists  and  the  physiologists,  ac¬ 
cording  to  the  meteorologists,  have  been  misusing  the  term  “climatic.”  Actually 
I  think  most  of  us  are  dealing  with  weather  stress.  Most  of  the  field  tests  are 
conducted  under  a  situation  of  weather  stress  rather  than  climatic  stress. 


HORVATH: 

Before  we  get  too  far  along  we  should  have  a  definition  of  what  the  Services 
would  like  to  consider  as  operational  efficiency.  There  certainly  is  a  different 
type  of  efficiency  in  the  individual  on  the  first  day  of  his  exposure  to  heat  than 
there  is  on  the  seventh  or  the  tenth  day.  Similarly,  do  the  Services  expect,  in 
situations  where  environmental  temperature  may  range  from — 20°  to  — 40°  F., 
that  the  individuals  will  operate  at  efficiency  approaching  that  of,  say,  en¬ 
vironmental  conditions  of  70°  or  80°  F.?  Will  they  expect  to  have  an  operational 
efficiency  of  70%  or  80% — or  what  are  they  willing  to  accept  as  their  limits  of 
operational  efficiency? 


NELSON: 

Does  anyone  want  to  comment  on  that  subject? 

KUJAWSKI : 

I  would  like  to  throw  my  hat  in  the  ring.  I  think  the  answer  to  the  gentleman’s 
question  is  100%,  nothing  short  of  that.  The  only  reason  the  man  is  up  in  the 
Arctic— and  I  think  for  purposes  of  the  Army  that  is  where  the  biggest  problem 
lies— is  the  fact  that  he  is  there  against  the  enemy.  He  is  not  there  because  he 
desires  to  be  there.  He  is  there  because  he  is  forced  there.  He  has  ultimately 
one  purpose  which  is  to  vanquish  the  enemy.  Normally  the  man  we  are  con¬ 
centrating  on  is  the  rifleman.  His  purpose  is  to  knock  the  other  fellow  out.  If 
e  can  t  shoot  straight  and  can’t  shoot  accurately  and  is  not  in  a  position  to  do 
so,  his  purpose  is  nullified.  When  you  are  on  a  range  you  are  given  no  credit  for 
near  misses.  Either  you  hit  the  target  or  you  don’t:  If  he  fsn’t  in  a  position 

have  heeuheff  &  pertainin£  to  getting  him  there  and  providing  him 

have  been  effect, vely  „ul hfied.  I  don't  know  whether  that  answers  your  question 

the  h  t  f.lmS  ‘°  ”e  ,f  you  d0  “"ythin*  short  of  that,  you  are  not  attack ine 

permanently.  y  put  nim  out  °f  commission 

HORVATH: 

southetwena0reggeoi„fgtdKn  WO^efficv’  ""T  a  ““  »P  north  or  down 

is  the  best  efficiency  we^can^get^underThe^ sftuation!11  W*  ^ 
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KUJAWSKI: 

I  would  like  to  reply  to  that  aspect.  I  think  the  answer,  if  we  can  digress  for 
a  moment  from  the  supply  of  food  and  the  matter  of  packaging — it  is  granted 
that  under  the  cold  weather  aspects  we  are  not  going  to  reach  that,  but  if  we 
don  t  set  our  sights  for  that  \00r/(  objective,  we  are  not  going  to  get  that  eventu¬ 
ally.  Things  considered  impossible  ten  years  ago  are  today  either  possible  or 
are  in  the  range  of  being  so.  It  is  recognized  that  when  a  man  goes  up  in  the 
Arctic,  going  from  packaging  to  the  man  himself,  the  thing  that  is  hampering 
his  effectiveness  is  clothing.  He  doesn’t  have  the  skill  or  the  freedom  to  move 
around  as  readily  as  he  would  down  in  Virginia,  say,  or  even  farther  south.  Of 
course,  you  can  carry  that  just  a  bit  further  by  going  out  to  Chicago  where 
you  have  to  put  on  added  clothes  and  your  movements  are  somewhat  hampered. 
Certainly  if  you  go  up  to  the  Arctic,  naturally  you  are  going  to  have  a  certain 
decrease,  but  again  if  you  don’t  shoot  for  the  ultimate  it  seems  to  me  you  are 
never  going  to  reach  there.  My  own  reaction  is  that  individuals  have  been  too 
prone  to  settle  for  something  that  was  somewhat  satisfactory  rather  than  trying 
to  strive  for  perfection. 


Physiological  Responses  of  Men  to  Heat  and  Cold 

Farrington  Daniels,  Jr. 

Quartermaster  Climatic  Research  Laboratory 
Research  and  Development  Command,  Quartermaster  Corps,  U.  S.  Army 


Obviously,  this  general  subject  of  physiological  responses  to  heat 
and  cold  can  be  approached  in  a  variety  of  ways,  but  I  shall,  in  gen¬ 
eral,  exclude  the  physical  considerations  of  heat  loss  and  heat  gain, 
the  physiological  equivalence  of  different  combinations  of  radiation, 
convection,  humidity,  and  the  role  of  clothing  in  modifying  men’s 
responses  to  hot  and  cold  environments.  These  affect  the  responses 
as  they  affect  the  temperature  and  rate  of  heat  loss  or  gain  from  the 
body  surface.  In  this  discussion  an  attempt  will  be  made  to  review 
several  of  the  known  internal  reactions  and  mechanisms  which  have 
been  studied  in  man.  Most  of  these  reactions  do  not  have  any  imme¬ 
diately  clear  relationship  to  known  dietary  factors  or  nutritional  con¬ 
siderations,  other  than  those  of  “enough  calories  and  enough  water.” 
“Enough  calories  and  enough  water”  is  a  concept  which  is  nutrition¬ 
ally  simple,  but  may  be,  logistically,  very  difficult  to  attain. 

In  a  review  of  this  type  it  is  soon  apparent  that  the  lines  of 
approach  from  experiments  in  environmental  responses  and  the  nutri¬ 
tional  studies  in  animals  are  not  likely  to  produce  an  early  junction. 
Many  of  the  principal  findings  on  the  reactions  and  adaptations  of 
men  to  heat  and  cold  involve  responses  of  the  cardiovascular  system 
and  the  peripheral  blood  vessels.  On  the  other  hand  many  of  t 
nutritional  studies  are  based  upon  the  assumption  that  control  ove 
homeostatic  or  homeokinetic  mechanisms  is  mediated  principally 
through  the  pituitary,  thyroid,  and  adrenal  glands.  I  hope  this  con¬ 
ference  will  suggest  experiments  which  will  help 
gaps.  Intriguing  beginnings  of  bridges  have  been  made  by  Dr.  R 
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and  Dr.  Dugal  in  whose  studies  dietary  components  have  been  relate 
to  biochemical  sites  of  action  under  stress  conditions.  Most  of  the 
reactions  which  I  will  discuss  today  are,  however,  many  serial  hypo¬ 
theses  removed  from  known  nutritional  or  dietary  factors  which 

might  influence  their  efficiency.  .  .  ,  f 

Dr.  Henschel  has  summarized  some  of  the  nutritional  aspects  ot 

military  operations  in  extreme  environments.  He,  and  others  of  us 
who  are  concerned  with  Quartermaster  research  and  development,  are 
interested  not  only  in  the  prevention  of  injury  and  disability  due  to 
to  exposure  of  combat  troops  or  other  human  beings  to  extreme  en¬ 
vironments,  but  in  extending  the  range  of  environments  under  which 
men  can  operate  efficiently.  This  is  obviously  of  importance  not  only 
to  the  defense  effort,  but  also  to  the  extension  of  human  habitation  of 
the  desert,  the  tropics,  and  the  Arctic,  all  areas  of  potential  great 
importance  in  the  race  between  population  and  food  production.  I  sup¬ 
pose  it  is  now  considered  acceptable  to  add  space  to  these  difficult 
areas. 

In  1949,  the  reactions  of  men  to  heat  and  cold  were  thoroughly 
reviewed  in  a  book  edited  by  L.  H.  Newburgh  ( 1 )  and  the  present 
review  will  attempt  to  emphasize  some  aspects  of  the  reactions  of 
men  to  heat  and  cold  which  have  been  studied  intensively  since  the 
appearance  of  the  Newburgh  review. 


Heat  Loss  and  Temperature  Regulation 

For  purposes  of  discussion  certain  abstractions  are  of  great  con¬ 
venience  in  attempting  to  explain  the  findings  of  a  wide  variety  of 
experiments.  One  of  these  is  the  conductance ,  representing  an  index 
of  transfer  of  heat  to  the  surface  of  the  body  and  encompassing  direct 
conduction  and  convective  heat  carried  through  the  blood  stream 
expressed  as  Calories/m-/°C.  difference  between  core  and  sur¬ 
face/hour.  A  review  of  this  concept  is  given  by  Sheard  ( 2 ). 

Considerations  of  heat  exchange  involve  average  skin  tempera¬ 
ture,  average  body  temperature,  body  heat  content,  and  body  heat 
debt  These  are  readily  visualizable  as  physical  concepts  based  upon 
the  temperatures  and  the  average  specific  heat  of  body  tissue,  but  are 
actually  measured  with  great  difficulty. 

Eventually  physical  and  mathematical  models  will  be  developed 
closely  the  temperature-regulating  responses  of  the 

and  canab?J'nfAl  Pref nt’  SUch  models  are  at  best  greatly  simplified 
and  capable  of  describing  average  conditions  only.  The  difficultv  of 

applying  physical  concepts  directly  to  the  behavior  of  the  human 

organism  is  il  ustrated  by  the  many  attempts  to  set  up  thermointegra 

tors  which  wifi  provide  in  one  measurement  the  environmental  equiv 

alents  of  air  temperature,  vapor  pressure,  air  velocity!  aTd  radiaHon' 

wide  iot  envTronmente  "s  th"  Predicti^  responses  to  a 

McArdle  and  his  associates  ^  n°,mograPh  developed  by 

.....  ..  ,rs.“ 
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Most  important  of  these  abstractions  is  the  concept  that  the  body 
temperature  control  is  divided  into  two  zones,  one  the  core,  and  the 
other  the  periphery  4).  The  studies  of  Bazett  and  his  colleagues 
(5,  6)  and  other  investigators  have  indicated  the  extreme  complexity 
of  the  distribution  of  temperature  within  the  body.  Most  evidence 
suggests  that  the  internal  temperature  which  is  regulated  is  that  of 
the  hypothalamus.  This  region  is,  of  course,  not  subject  to  direct 
measurement  in  man,  and  a  variety  of  approximate  observations  at 
different  parts  of  the  body  have  to  be  used.  Of  these,  the  most  fre¬ 
quently  employed  is  that  of  the  rectal  temperature. 

Temperature  gradients  are  most  readily  observed  in  the  longitu¬ 
dinal  axes  of  the  extremities  and  minimally  over  the  surface  of  the 
trunk,  abdomen  and  head.  The  concept  of  a  core  temperature  becomes, 
then,  not  one  of  a  central  mass  and  a  series  of  vital  organs  operating 
at  an  absolute  fixed  temperature,  but  that  of  a  general  grouping  of 
deep  body  structures  in  which  the  temperature  changes  are  relatively 
slight.  In  general,  those  reactions  which  we  consider  responses  to 
the  core  temperature  are  those  mediated  through  the  temperature 
receptor  mechanisms  located  in  the  head,  presumably  in  the  hypo¬ 
thalamus,  while  the  periphery  is  rated  to  those  reactions  to  heat  and 
cold  which  are  initiated  or  mediated  through  the  temperature  recep¬ 
tors  located  in  the  skin.  Bazett  has  reviewed  the  temperature-reg¬ 
ulating  centers  of  the  hypothalamus  ( 1 ).  In  the  posterior  region  of 
the  hypothalamus  is  a  center  which  is  concerned  with  protection 
agaist  cold.  The  activity  of  this  center  induces  cutaneous  vaso-con- 
striction  and  shivering.  These  reactions  lead  to  a  rise  in  rectal  and  a 
fall  in  surface  temperature,  the  center  therefore  acting  as  a  con¬ 
trolling  center  for  the  promotion  of  heat  conservation.  The  more 
anterior  hypothalamic  center  is  mainly  concerned  with  the  prevention 
of  overheating,  and  in  man,  presumably,  promotes  cutaneous  vaso¬ 
dilatation  and  sweating.  It  is  believed  that  these  two  centers  are 
coordinated  so  that  activity  of  one  tends  to  inhibit  the  activity  of  the 
other.  The  exact  relationship  between  the  cutaneous  stimulation  and 
the  action  of  these  centers  is  not  known,  but,  presumably,  the  centers 
coordinate  impulses  arising  from  heat  or  cold  receptors  and  transmit 
the  intelligence  depending  upon  their  own  thermal  state. 

Thermal  receptors  of  the  skin  and  the  temperature-sensitive  and 
integrating  centers  of  the  hypothalamus  are  implicated  in  most  of 
the  normal  responses  to  hot  and  cold  environments,  as  well  as  in  the 
sensations  of  discomfort  with  extreme  environments. 

In  setting  up  models  and  analogues  of  the  human  temperature¬ 
regulating  system  relative  independence  between  these  two  areas  of 
reception  are  most  comparable  to  observed  physiologic  behavior  (7). 
The  importance  of  the  skin  receptors  is  sometimes  overlooked.  They 
are  related  to  the  question  of  insulation  of  the  body  provided  by 
subcutaneous  fat.  Insulation  at  this  site  might  lead  to  greater  cooling 
of  the  surface  receptors  and  more  discomfort  even  though  conduc- 
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tion  of  heat  from  the  center  of  the  body  is  reduced.  Thick  layers  of 
adipose  tissues  serving  as  insulation  appear  to  be  much  more  impor¬ 
tant  to  marine  mammals  than  they  do  to  terrestrial  mammals  in  whom 
fur  rather  than  fat  is  the  ^important  insulating  feature. 

A  dietary  implication  of  this  dual  system  of  temperature  receptors 
is  the  pseudo-heat  sensations  produced  by  pepper  and  some  other 
condiments  in  food.  Thus,  ingestion  of  pepper  may  lead  not  only 
to  a  sensation  of  warmth,  but  to  actual  sweating.  The  effects  of 
eating  or  drinking  hot  foods  and  fluids  or  cold  foods  or  fluids  upon 
surface  temperature  and  comfort  are  striking  ( 8 ),  apparently  by 
stimulation  of  receptors  in  the  mouth  and  upper  part  of  the  alimen¬ 
tary  tract. 

Rp.nr.t.inns  to  Cold 


Reactions  of  the  human  being  suddenly  exposed  to  a  cold  environ¬ 
ment  include  the  following: 

(a)  The  sensation  of  cold  is  experienced — frequently  with  transient 
shivering  with  the  impact  of  this  sensation  (P). 

(b)  Rapid  peripheral  arterial  vasoconstriction  occurs. 

(c)  There  is  a  constriction  of  the  peripheral  veins,  so  that  we  have 
not  only  a  decreased  blood  flow  at  the  surface,  but  also  a  de¬ 
creased  blood  content. 


(d)  Goose  flesh  appears — with  contraction  of  the  pilomotor  muscles. 

(e)  There  is  a  cessation  of  sweating  except  on  the  palms,  soles,  and 
axillae — if  the  previous  temperatures  were  sufficient  to  elicit 
sweating. 


(f) 


(g) 

(h) 

(i) 

(3) 
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With  reduction  in  the  volume  and  rate  of  circulation  through 
the  skin,  there  is  a  central  pooling  of  blood  as  indicated  by  in¬ 
crease  in  liver  size  and  increase  in  pulmonary  vascularity  with 
decrease  in  vital  capacity  (10). 

With  decrease  in  blood  flowing  through  the  skin,  there  is  fre¬ 
quently  a  rise  in  rectal  temperature  (#). 

This  rise  in  recumbent  subjects  levels  off  at  about  99.2°  F.  In 
the  unacclimatized  subject  the  rectal  temperature  begins  to  fall 
following  arrival  at  this  maximum,  99.2°  F.  (5). 

The  subject  huddles  with  posture  emphasizing  flexor  instead  of 
extensor  muscle  contraction. 


The  feet  cool  farthest  and  often  fastest,  the  hands  next,  and 
steep  temperature  gradients  are  set  up  not  only  from  the  surface 
inward  on  the  extremities,  but  also  along  the  long  axes  of  the 

TllleSv,-\hlS  pr°vldes  Protection  for  “core”  temperature  by 
use  of  the  high  specific  heat  of  the  surface  tissues  ( j,  6) .  * 

Blood  flow  through  the  extremities  tends  to  return  along  deen 
venous  channels,  the  venae  comites ,  which  by  paralleling  thp 
course  of  the  arterial  inflow,  preeool  blood  entering  the  hands 
heat  (6)  y  promotinK  ‘he  general  economy  of  body 
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(l)  Face  temperature  falls  least  of  body  surface  areas,  which  is 
natural  in  view  of  the  lack  of  vasoconstrictor  fibers  to  this  area. 
Face  temperature  tends  to  follow  more  closely  the  core  tempera¬ 
ture,  as  sampled  in  the  rectum,  than  do  other  skin  areas  (9). 

(m)  As  internal  temperature  drops  shivering  ensues  if  stimulation 
of  surface  receptors  continues. 

(n)  Blood  flowing  through  the  cooled  areas  of  the  skin  displays  a 
number  of  changes.  The  pH  of  plasma  is  increased  to  values  of 
about  7.6.  Carbon  dioxide  tension  is  lowered  even  if  carbon 
dioxide  content  of  the  blood  remains  unchanged.  Dissociation 
of  oxyhemoglobin  is  hindered.  With  cooling  to  20-25°  C.  an 
increase  of  viscosity  of  blood  of  at  least  30  c/c  occurs  ( 1 ). 

(o)  A  diuresis  occurs  with  the  formation  of  large  quantities  of  dilute 
urine;  this  urine  differs  from  that  found  in  a  water  diuresis  by 
having  a  high  chloride  content  (11).  This  is,  presumably,  asso¬ 
ciated  with  the  decrease  in  the  circulating  plasma  volume  and 
perhaps  other  components  of  the  extracellular  fluid. 

(p)  In  contrast  to  animals  the  eosinophile  counts  in  man  do  not 
drop  during  acute  exposure  to  cold  air  (12). 

(q)  The  circulating  white  blood  cells  increase  more  than  explained 
on  the  basis  of  hemoconcentration  (12). 


Changes  which  have  been  listed  above  are  some  of  those  which 
occur  during  acute  exposure  of  the  human  being  to  a  cold  environ¬ 
ment.  Changes  which  continue  with  prolonged  exposure  or  with  re¬ 
peated  acute  exposures  are  in  part  modifications  of  the  above  which 
may  be  considered  acclimitization  to  the  cold  environment.  Accli¬ 
matization  may  be  defined  as  a  decrease  in  physiological  strain  with 
repeated  exposure  to  an  environmental  stress. 

Additional  changes  which  occur  with  a  few  days  of  exposure 
include : 


(a)  A  transient  ketonuria  (13). 

(b)  Drying  and  roughening  of  the  skin  (H). 

(c)  Reduction  of  blood  volume  permitting  a  more  effective  peri¬ 
pheral  vasoconstriction  (15). 

(d)  An  increase  in  appetite  and  food  intake.  An  increase  in  heat 
production  is  a  plausible  reaction  to  cold;  however,  the  nature 
of  increased  energy  turnover  remains  incompletely  under- 


stood.  .  ,, 

It  has  been  repeatedly  shown  in  small  laboratory  animals  that 

exposure  to  cold  leads  to  an  increase  in  metabolic  rate .^hutedtoan 
neutral  temperature.  This  has  for  many  years  been  attributed  to  an 
increase  in  thyroid  function.  However,  more  recent  studies  have 
failed  to  show  an  increase  in  circulating  protein-bound  iod  ne  .n  rats 
exposed  to  cold  (16).  Seilers  has  demonstrated  (17)  that  in  rats  tne 
thvroid  is  essential  for  an  adaptive  increase  in  heat  production,  bu 
that  the  quantity  of  thyroxin  required  for  this  adaptation  does  n 
exceed  the  normal  output  under  neutral  temperature  conditions.  In 
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the  field  of  basal  metabolic  measurements,  it  is  important  to  remem¬ 
ber  that  food  intake  may  alter  resting  oxygen-consumption  measure¬ 
ments,  and  that  observed  increases  in  resting  metabolism  may  be  the 
result,  not  the  cause  of  a  high  or  special  food  intake.  This  has  been 
recently  clearly  shown  in  man  by  Rodahl  (18).  The  apparent  high 
metabolic  rate  of  resting  Eskimos  was  due,  not  to  a  high  basal  meta¬ 
bolic  rate  as  usually  defined,  but  to  the  persistence  of  the  effects  of  a 
very  high  meat  diet.  When  his  Eskimo  subjects  were  brought  into  a 
white  man’s  environment  and  fed  a  white  man’s  diet,  the  basal  meta¬ 
bolic  rate,  as  measured  after  about  three  days,  showed  no  difference 
from  the  white  group. 

Other  studies  have  been  designed  to  demonstrate  an  increase  in 
the  basal  metabolic  rate  of  white  subjects  exposed  to  cold  under  a 
variety  of  conditions.  These  studies  have  been  either  equivocal  or 
definitely  negative.  The  studies  of  Fainer  at  our  laboratory  showed 
no  increase  in  BMR  (#).  In  the  summer  of  1950,  a  collaborative 
study  between  the  Army  Medical  Graduate  School  and  the  Quarter¬ 
master  Climatic  Research  Laboratory  was  carried  out  in  which  12 
men  dressed  only  in  light  clothing  were  exposed  to  a  room  tempera¬ 
ture  of  60°  F.  for  19%  hours  a  day.  For  7%.  of  these  hours,  they 
wore  only  cotton  shorts  or  light  cotton  uniforms.  These  exposures 
were  continued  for  12  days,  interrupted  for  nine  and  then  repeated  for 
five  days.  Throughout  this  period  there  was  no  change  in  the  basal 
metabolic  rate  measured  by  the  open  system  and  Haldane  analyses. 
Acclimatization  by  other  criteria,  including  change  in  the  rectal  tem¬ 
perature  curve,  was  apparent  by  the  third  day.  In  this  experiment 
the  subjects,  after  sleeping  in  the  cold  chamber,  came  out  of  the  cold 
chamber  for  approximately  two  hours.  For  one  hour  preceding  re¬ 
entry  into  the  cold  chamber,  they  lay  quietly  at  a  temperature  of 
83°  F.  Rectal  temperature  curves  shown  in  Figure  1  were  obtained 
duiing  the  first  two  hours  of  cold  while  the  men  lay  recumbent, 
dressed  only  in  shorts  in  the  cold  chamber  at  60°  F.  with  a  three 
mph.  wind.  These  rectal  temperatures  were  measured  with  a  ther¬ 
mocouple  inserted  on  a  rigid  catheter.  The  temperature  curves  show 
the  rise  to  approximately  99.2°  F.  which  I  have  previously  men¬ 
tioned.  On  early  days  of  cold  exposure  there  is  a  decline  which  be¬ 
comes  progressively  less  during  the  period  of  cold  acclimatization. 
Thus,  acclimatization  is  shown  to  occur  without  implicating  any 
change  in  the  basal  metabolic  rate. 

°b“rvation  09)  in  the  study  was  that  the  subjects 

Wo  ^  ?  desl  and  appeared  co*dest  to  the  test  observers  tended  to 
have  the  lowest  respiratory  quotients  with  BMR’s  taken  during  the 

ggestrthParthosSewhthe  Preliminary  observation 

thaVh?Se  ho  can  shlver  on  carbohydrate  may  be  better  off 
than  those  who  have  to  shiver  on  fat  (20) 
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RECTAL  TEMPERATURES  DURING  2  HOURS  OF  EXPOSURE  TO  60*  F  (15  6*  C) 

(Meon  of  12  men) 


o  (9  30  4  9  60  75  90  i05  >20 

TIME  IN  MINUTES  FOLLOWING  CHANGE  FROM  85* F 


0  15  30  45  60  75  90  05  120 

TA*  IN  MWUTES  FQllOWNG  CHANGE  FROM  85*  TO  60*F 


Figure  1. 

Temperature  curves  showing  rise  to  approximately  99.2°  F. 


Several  investigators  have  measured  circulating  protein-bound 
iodine  of  human  subjects  going  into  cold  areas.  Molnar  and  the  Fort 
Knox  group  (IS)  reported  no  change  in  protein-bound  iodine.  In 
the  study  conducted  by  the  Medical  Nutrition  Laboratory  (21),  a 
slight  decrease  in  protein-bound  iodine  during  exposure  to  subzero 
weather  was  found.  Our  own  studies  at  Fort  Churchill  last  winter 
showed  no  significant  change  in  protein-bound  iodine.  It  may  be 
of  interest  that  in  the  same  blood  specimens,  determined  at  intervals 
at  Fort  Churchill  last  winter,  there  were  no  significant  changes  in 

either  cholesterol  or  cholesterol  esters.  . 

A  possible  increase  in  heat  production  short  of  shivering  with 
cold  acclimatization  has  been  claimed,  but  is  on  less  wel'-estebhshed 
ground  although  it  is  frequently  given  as  a  plausible  method  of  cold 

adaptation  (22).  In  the  study  of  Fainer  at  al  discussed  a  few 

heat  loss  mechanisms.  This  P  .  ,  ability  to  assume  a 

greater  V^^debt"  that  ^s, ‘to  coo.  more*  the  surface  tissues  before 
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cooling  of  the  interior  began  (4).  Another  way  of  saying  essentially 
the  same  thing  is  to  state  that  there  must  have  been  a  change  in  the 
over-all  peripheral  conductance  with  transfer  of  less  heat  from  the 
interior  to  the  surface.  Forms  of  this  concept  have  been  advanced 
by  Carlson  U),  Glickman  (23) ,  and  others. 

Improved  heat  conservation  which  appears  to  occur  with  cold 
acclimatization  does  not  result  simply  from  decreased  blood  flow  to 
all  areas  of  the  skin  for  it  has  been  established  that  with  acclimatiza¬ 
tion  to  cold  the  hand  (2U)  and/or  face  temperatures  (9)  may  be 
warmer  under  a  given  cold  environment. 

Studies  of  Scholander,  Irving,  and  their  colleagues  (25)  on  arctic 
animals  have  indicated  that  the  important  adaptations  in  these  ani¬ 
mals  are  an  increase  in  the  insulation  compared  to  tropical  animals, 
and  also  ability  of  the  arctic  animal  to  have  functioning  legs  and 
feet  at  low  tissue  temperatures,  thereby  using  the  heat  capacity  and 
tissue  insulation  of  the  extremities  as  a  factor  in  protection  from  cold. 

In  general,  the  evidence  for  an  increased  resting  metabolic  rate  as 
a  significant  part  of  adaptation  of  cold  climates  has  not  been  demon¬ 
strated  in  man  and  has  been  found  under  natural  conditions  to  be 
over-rated  among  lower  animals. 


The  question  concerning  a  reduction  of  metabolic  rate  in  hot 
climates  is  much  less  clearly  developed.  Several  studies  have  sug¬ 
gested  that  the  metabolic  rates  of  human  beings  in  hot,  tropical  cli¬ 
mates  are  slightly  lower  than  human  subjects  in  temperate  cli¬ 
mates.  Some  of  the  studies  most  frequently  quoted  were  carried  out 
in  women;  Hardy  and  DuBois  (26)  have  reported  that  women  are 
able  to  lower  their  basal  metabolic  rates  on  acute  heat  exposure. 

The  skin  is,  of  course,  the  area  of  contact  between  the  body  and 
the  environment.  Some  of  the  reactions  which  the  skin  undergoes 
may  be  of  interest  from  the  standpoint  of  relation  to  nutritional  con¬ 
siderations.  First  of  these  is  supercooling  of  the  skin,  that  is,  the 
lowering  of  the  skin  to  temperatures  below  the  freezing  point  of 
water  without  tissue  freezing.  This  was  extensively  discussed  at 
99e0  ^rSt  MaCy  Foundatlon  Conference  on  Cold  Injury  (27).  Minus 
j  .  1S  glven  as  the  feezing  point  of  skin.  However,  Sir  Thomas 
Lews  reported  instances  where  the  skin  did  not  freeze  as  low  as 

8  C.  and  stated  that  the  dryness  and  oiliness  of  the  skin  were 
factors  in  this  extensive  super-cooling.  Secondly,  roughening  of  the 

*52  “  be,irud  t0*be  a  faetor  in  incr~  its  nSulation  value  by 
holding  a  thicker  film  of  still  air  near  the  skin  (H) . 

A  reaction  of  considerable  importance  in  defense  against  frost 
brte  is  that  described  by  Sir  Thomas  Lewis  as  the  huntfng  reacUon' 

dilatation, errnJychngSofSfiwerttema'Iedtthe  reaction>  coId  vas°- 

the  finger  or  foot  exposed  1  ™perature’  the  skln  temperature  of 
toot  exposed  to  a  low  temperature  cools  off  to  about 
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1°— 13°  C.  and  then  rewarms.  This  reaction  has  been  under  study  in 

by  Green<ield  in  Belfast,  and  by  Blaisdell 

^9>  30 )  at  the  Quartermaster  Climatic  Research  Laboratory. 

The  striking  nature  of  the  reaction  is  indicated  in  Figure  2,  taken 
from  Blaisdell.  The  phenomenon  is  dependent  in  part  upon  local 
finger  temperature  and  in  part  on  the  general  state  of  body  heat ;  when 
the  body  is  exposed  to  a  warm  room  the  reaction  takes  off  at  a  higher 
finger  skin  temperature.  General  body  cooling  tends  to  prevent  the 
local  vasodilating  effect  of  heat,  as  body  overheating  prevents  vaso¬ 
constriction  from  local  exposure  of  the  finger  to  cold.  The  Lewis 


Figure  2. 

Skin  temperature  and  pulse  volume  fluctuations  in  finger  exposed  to  box  air 

temperature  0°  C. 


reaction,  however,  can  occur  in  a  chilled  individual  as  shown  in 
Figure  3.  The  subject  in  Blaisdell’s  study  was  chilled  and  then  drank 
500  cc  of  ice  water,  which  rapidly  lowered  his  rectal  temperatuie  fur¬ 
ther  and  produced  a  total  body  heat  debt  of  approximately  1 14  kg.  Cal., 
and  the  waves  still  developed.  The  cold  vasodilatation  reaction  has 
been  demonstrated  to  occur  even  in  the  anesthetized  nngei  (~  )  anc , 
therefore,  may  be  included  among  the  local  direct  effects  of  co  c . 

With  the  widespread  emphasis  on  vasomotor  reactions  both  to 
heat  and  cold,  it  may  be  that  important  nutritional  factors  in  cold  a 
heat  tolerance  will  be  discovered  by  those  who  are  studying  yper- 
tension  and  heart  disease  before  they  are  discovered  to  have  an  ,mpor- 
tant  role  in  temperature  regulation 
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Figure  3. 

Cold-induced  vasodilation  in  the  finger  of  a  “chilled”  individual. 


Reactions  to  Heat 

Reactions  of  the  human  organism  when  exposed  to  heat  include 

the  following: 

(a)  At  exposure  of  the  skin  to  air  temperatures  above  about  31°  C. 
heat  loss  from  the  body  at  rest  cannot  be  maintained  in  equili¬ 
brium  by  vasomotor  control  alone  and  we  enter  the  zone  of  evap¬ 
orative  cooling.  When  the  skin  attains  an  average  temperature 
of  34°—  35°  C.,  sweating  is  initiated  in  the  average  nude  subject. 
Sweating  increases  enormously  with  small  increments  of  skin 
temperature,  evaporation  tending  to  minimize  elevation  of  skin 
temperature  with  increasing  environmental  temperature  (1) . 

(b)  As  skin  or  internal  temperature  rises,  there  is  an  increase  in 
the  number  of  active  sweat  glands.  Increase  in  the  loss  of  water 
is  accomplished  by  segmental  recruitment  of  sweat  glands  (31) 
starting  on  the  lower  extremity  and  progressing  upward.  Initi¬ 
ally,  the  sweat  rate  is  increased,  apparently  entirely  through 
increase  in  the  number  of  active  glands 

(0  With  increase  of  the  heat  load,  blood  flow  of  the  skin  continues 

frn  w .!uC^eaSe  Partl]cularly  in  the  unacclimatized  individual. 

(d)  With  loss  of  body  water  through  the  sweat  mechanism,  thirst 
s  stimuJated  by  unidentified  receptor-mechanisms.  Further  by 
ot  completely  established  mechanisms,  the  posterior-pituitarv  is 
stimulated  to  produce  antidiuretic  hormone  which  leads  to  in 

"  thG  kidney  tUbulG  and  P-d-tion 
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TOTAL  39  02 


39  95 


39  70 


3919 


LEGEND 

Total:  Total  Body  Water  (Antipyrine) 

PV :  Plasma  Volume  (T-1824) 

“IS”:  Extracellular  Fluid — PV :  “Interstitial”  Fluid 
“IC”:  Total  Body  Water — Extracellular  Thiocynate 

Figure  4. 

Body  fluid  compartments  during  acclimatization  to  heat  (120 

(Averages  of  5  Men) 


‘Intracellular”  Fluid 


F.). 


(e)  Sweating  from  thermal  stimuli  continues  even  in  the  face  of 

extensive  body  dehydration.  .  . .  , 

(f)  One  of  the  reactions  to  heat  exposure  is  increase  in  blood  volume 
associated  with  hemodilution.  Bass,  Kleeman,  and  Quinn  (32) 
at  the  QM  Climatic  Research  Laboratory  have  recently  com¬ 
pleted  a  study  on  body  water  changes  during  heat  acclimatization 
as  shown  in  Figure  4.  They  demonstrated  an  increase  in  plasma 
volume  as  approximated  by  Evan’s  blue  space,  an  increase  in 
thiocyanate  space,  and  the  new  finding  that  these  .ncreases  are 
apparently  at  the  expense  of  intracellular  fluid,  as  measure 

<„>  dOT.  in  niuscle  ton.  during  M*.™  in 

heat,  but  this  subject  has  not  been  adequately  studied. 

28 


(h)  The  question  of  decreased  basal  heat  production  has  not  been 
settled,  but  the  evidence  suggests  that  there  is  probably  no  de¬ 
crease  in  basal  heat  production  in  men,  but  that  there  very  well 
may  be  in  women  (26). 

(i)  During  heat  exposure  both  skin  and  rectal  temperatures  rise 
and  the  relationship  between  these  rises  is  important  in  accli¬ 
matization  mechanisms  as  will  be  discussed  in  a  few  minutes. 

(j)  Following  Van’t  Hoff’s  Law  the  metabolic  rate  increases  about 
llc/c — 13%  per  degree  centigrade  rise  in  rectal  temperature  in 
unacclimatized  men  exposed  to  severe  heat  ( 1 ,  33). 

(k)  The  cardiovascular  adjustments  to  heat  are  extremely  sensitive 
to  deprivation  of  salt  and  water  (3U,  35). 

Evidence  for  acclimatization  to  heat  is  much  clearer  than  the 
evidence  for  acclimatization  to  cold.  The  capacity  for  performing 
exercise  increases,  and  pulse  rise  and  rectal  temperature  rise  become 
less  for  a  given  amount  of  work  (36,  37). 


Eichna  and  his  co-workers  at  Fort  Knox  (33)  studied  tempera¬ 
ture  regulation  during  acclimatization  in  a  hot,  dry  environment.  In 
that  study  the  authors  calculated  the  different  channels  of  heat  gain 
and  heat  loss  and  the  apparent  blood  flow  required  to  transfer  inter¬ 
nal  heat  to  the  surface.  On  early  days  of  heat  exposure,  rectal  and 
skin  temperatures  rose  considerably,  but  on  successive  days  both 
average  skin  temperature  and  rectal  temperature  decreased  for  the 
fixed  work  rate  and  heat  exposure.  The  fall  in  skin  temperature  over 
the  ten  hot  days  in  that  study  was  greater  than  the  decrease  in  rectal 
temperature,  thereby  increasing  the  internal  thermal  gradient.  With 
acclimatization  there  was  a  slight  decrease  in  metabolic  heat  pro¬ 
duction  of  about  4  per  cent  which  played  a  minor  role  in  reducing 
the  internal  temperature  and  the  internal  body  heat  content.  The 
principal  adaptation  during  acclimatization  which  returned  deep 
tissue  temperature  to  normal  was  increased  sweat  secretion.  It  is 
°  lnterest  that ;  the  acclimatization  process  which  restored  thermal 
valance  concomitantly  increased  the  heat  gain  from  the  environment 
This  was  brought  about  because  the  increased  evaporative  cooling 
lowered  the  skin  temperature  widening  thereby  the  external  thermal 

^t;aSa/eSUlt  heat  gains  by  convection  and  radiation  increased 
With  the  widening  of  internal  thermal  gradient  ^ 

r’aZrt™t'U?la0„fsfere  Z 

flow^nntheTrm^idCOtWUCteH  Similf  Studies  and  also  measured  blood 
tures  less  hea?  storage '"f?  fl"  tempera- 
reduction  of  blood  flow  is  outweighed  bv  the  b^P  'Sh*d  ,because  the 
difference  between  deep  tissues  and  skin  lncrease  temperature 

has^nTercribed'as0^61 tporta  1  ^  ^  chloride  in  «weat 
Heat.  This  has  been 
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to  the  conservation  of  electrolytes  and  the  secretion  of  a  thermally 
more  efficient  dilute  sweat.  However,  this  concept  has  been  re-exam¬ 
ined  and  some  contrary  evidence  obtained.  Robinson  (39)  studied 
the  effect  of  injections  of  desoxycorticosterone  acetate  upon  acclima¬ 
tization  to  heat.  He  found  that  the  DOCA  reduced  the  sweat  con- 
entration  of  sodium  and  chloride,  but  that  there  was  no  observable 
effect  on  rectal  temperature,  pulse  rate,  and  other  criteria  of  accli¬ 
matization,  or  upon  the  rate  of  increase  in  circulating  blood  volume 
during  the  first  day  of  exposure.  Furthermore,  it  was  found  that 
sodium  and  chloride  concentration  of  sweat  are  a  function  of  local 
skin  temperature  (40),  the  excretion  of  these  electrolytes  being 
higher  with  higher  skin  temperatures.  Some  of  the  reported  decrease 
was  also  shown  by  Robinson  to  be  due  to  a  deficiency  of  chloride  in¬ 
take  (41)- 

Summary 


In  this  discussion  an  attempt  has  been  made  to  describe  briefly 
some  of  the  wide  variety  of  reactions  which  occur  in  the  human  or¬ 
ganism  during  exposures  to  hot  and  cold  environments  with  some 
comments  on  the  acclimatization  changes  which  occur  in  these  re¬ 
sponses.  It  is,  in  general,  evident  that  considerable  difference  in 
emphasis  is  observed  between  the  studies  on  man  and  the  studies  on 
small  animals.  The  emphasis  in  man  concerning  the  adaptations  to 
both  extremes  of  temperature  emphasizes  adjustments  and  adapta¬ 
tions  of  the  cardiovascular  system  (6,  9,  24,  33,  36,  37,  38)  with  asso¬ 
ciated  changes  in  blood  distribution  (10)  and  in  volume  of  the  body 
water  compartments  (32)  and  in  the  conduction  and  blood  stream 
transfer  of  heat  from  the  interior  of  the  body  to  the  surface  (2,  33- 
38) ,  as  well,  of  course,  as  the  familiar  mechanisms  of  sweating  and 
shivering.  There  has  been  little  evidence  in  man  for  significant  altera¬ 
tions  in  responses  of  the  endocrine  systems  (12,  39).  This  may  reflect 
the  fact  that  experiments  on  animals  can  be  made  much  more  severe 
than  experiments  on  human  beings.  It  may  also  support  the  reason¬ 
able  assumption  that  the  human  organism  which  has  a  brain  of  size 
and  complexity  permitting  intelligence  may  also  have  acquired  a 
nervous  system  capable  of  integrations  and  coordinations  which  are 
not  so  well  developed  in  other  homeothermic  animals.  Thus,  it  may 
be  that  in  man  we  have  been  studying  an  extremely  efficient  and 
adaptable  first  line  of  defense,  but  in  animals,  studies  have  been  con¬ 
ducted  in  such  a  way  that  the  final  defenses  before  fatal  outcome 

are  being  studied. 
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II.  Animal  Experimentation 
THURSDAY  AFTERNOON  SESSION 


Effect  of  Heat  on  Physiological  Economy 

Samuel  Brody 

Department  of  Dairy  Husbandry,  University  of  Missouri 

Because  of  space  limitations  this  discussion  on  the  effect  of  heat 
on  physiological  economy  is  confined  to  one  species,  namely  dairy 
cattle,  which  we  have  investigated  since  1948  (Figure  1).  Although 
the  scope  is  thus  limited,  the  involved  principles  are  generally  appli¬ 
cable  ( 1 )  and  it  is  hoped  that  the  discussion  on  the  economy  of  cattle 
and  their  milk  production  in  relation  to  feed  and  water  consumption, 
heat  production,  outer-surface  and  respiratory  vaporization,  respira¬ 
tion  and  pulse  rates,  rectal  and  surface  temperature,  blood  and  milk 
composition,  will  furnish  considerable  light  on  the  broader  aspects 
of  this  problem,  including  those  relating  to  man.  The  effect  of  heat 
on  the  physiological  economy  of  marching  man  is  not  unlike  that  on 
milking  cow — both  are  transformers  of  energy  matter  and  both  may 
be  under  thermal  stress. 


Definitions  and  Thermal  Characteristics  of  Cattle 

The  “physiological  economy”  of  a  process,  as  milk  production,  can 
be  arbitrarily  defined  ( 1 )  by  its  over-all  energetic  effciency ;  this,  in 
turn,  is  defined  by  the  percentage  ratio  of  the  energy  in  the  milk  pro¬ 
duced  to  the  energy  in  the  TDN  (total  digestible  nutrients)  con¬ 
sumed  (including  that  used  for  maintenance) .  The  upper  physiologic 
imit  of  this  ratio  is  not  over  50%.  Data  ( 1 )  on  experiment  station 
herds  indicate  that  “superior”  dairy  cattle  convert  about  a  third  of 
the  ccmsiimw]  TDN  energy  into  milk  energy;  “good”  dairy  cattle, 
cmt  one-fourth  and  so  on.  Most  of  the  remaining  consumed  TDN 
,  'f?’  lnclllljing  the  maintenance  energy,  is  dissipated  as  heat.  This 
heat  is  useful  in  keeping  the  animal  warm  in  cold  weather  but  be¬ 
comes  a  taxing  burden  which  limits  production  in  hot  weather  This 

ummerr!t  °f  dairy  <=att, e  during  hrt 

summers  in  the  USA  and  in  high-temperature  regions  in  general. 

Average  production  of  dairy  cattle  in  the  USA  4300  lhs  milk  „ 
year,  is  one-tenth  of  the  upper  (“champion”)  performance  m  The 

inferredTfrom  Z  flT*  faf°r  in  this  lactaUonal  range  is 

crea^herproductior;^ Ze ?  wh  V^H  ta‘ 

dissipate  in  hot  regions  -  thohillct  „  2b)  whlch  is  difficult  to 

cattl^'deteriorate  ^ 

Show  an  increase  in 
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tion  and  milk  production  (and  changes  in  other  physiological  pro¬ 
cesses)  in  European-evolved  cattle  when  the  environmental  tempera¬ 
ture  rises  above  about  75°  F.  (about  25°  C.)  and  in  Indian-evolved 
cattle  85°  to  90°  F. 

The  milk  yield  level  is  affected  directly  by  heredity  and  by  environ¬ 
mental  temperature  and  indirectly  by  the  effects  of  different  climates 
on  soils  and  crops,  by  the  incidence  of  disease-producing  organisms, 
and  by  numerous  economic,  social,  and  even  religious  factors — as  in 
India.  In  this  cooperative"  climatic  project1*  the  purpose  has  been 
to  isolate  the  effects  of  each  of  the  involved  meteorological  compo¬ 
nents  (dry-bulb  temperature,  humidity,  wind,  and  light)  on  several 
categories  of  cattle  (European-evolved  Holsteins,  Jerseys,  Brown 
Swiss,  and  Indian-evolved  “Brahmans”)  while  holding  other  condi¬ 
tions  as  constant  as  is  practicable. 


1948  1948-49 


Cattle  are  less  tolerant  to  high  temperature  than  man  because 
cattle  do  not  sweat  ( 3 ,  4)  ;  they  are  also  less  tolerant  because  the 
“basal”  and  the  total  heat  production  (Figures  2a  and  2b)  per  unit 
outer-surface  area  in  cattle  appear  to  be  considerably  higher  than  in 
man  (5).  These  facts,  along  with  the  high-heat  increments  (SDA) 
of  feeding  and  lactation'’  imply  an  inherent  incompatability  be¬ 
tween  high-milk  production  and  high-environmental  temperature 

(Figure  2c). 


a  TTnivprsitv  of  Missouri  and  U.  S.  Department  of  Agriculture. 

.  See  bibMograPr;  and  the  cited  bulletins  (»)  for  the  detailed  collaborators  on 
C  Iul3nol  possible  to  disentangle  the  heat-increment  effects  of  feeding  and  lactation. 
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TABLE  1 

Rectal  Temperature,  °F. 


Environmental  tem¬ 
perature,  °F. 

Lactating 

Jersey 

Holstein 

Brown  Swiss 

Brahman 

70  . 

100.8 

100.8 

100.8 

100.4 

101 .0 

80  . 

101 .4 

102.1 

101 .1 

85  . 

102.2 

103.0 

101 .8 

101  .4 

90  . 

103.1 

104.0 

103.1 

101  .4 

95 . 

104  .2 

105.2 

104  .4 

101 .9 

100  . 

105.2 

106.6 

106.1 

104  .6 

105 . 

106.8 

108  .4 

107  .6 

106.4 

TABLE  2 

Hot  Weather  Critical  Temperatures® 
(From  Missouri  Research  Bull.  515) 


Physiological  reaction 


Feed  Consumption: 

Decrease  after . 

Milk  Production: 

Decrease  after . 

Heat  Production: 

Decrease  after . 

Respiration  Rate: 

Increase  after . 

Decrease  in  rise . 

Vaporized  Moisture: 

Increase  after . 

Decrease  in  rise . 

Respiratory  Vaporization: 

Increase  after . 

Decrease  in  rise . 

Pulmonary  Ventilation  Rate : 

Increase  after . 

Decrease  in  rise . 

Rectal  Temperature: 

Increase  after. 


Lactating 


Jersey 

Holstein 

Brown  Swiss 

Brahman 

75 

70 

80 

95 

85 

85 

85 

95 

85 

75 

70 

95 

60 

60 

60 

75 

85 

80 

90 

60 

60 

50 

85 

70 

70 

85 

95 

75 

75 

60 

90 

85 

85 

90 

100 

75 

65 

60 

90 

85 

85 

85 

100 

75 

70 

80 

95 

Which  marked  changes occur  in  the  slont  ^nvir°1nraental  temperature  after 

jected  to  rising  environmental  temperature  50°  to  fe0  F^^  reaCUOnS  °f  an,mals  sub- 
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Figure  2a. 

Relation  of  total  heat  production  in  Jersey  cattle  to  milk  production. 


Although  European-evolved  cattle  are  intolerant  to  high  tempera¬ 
tures,  it  may  be  noted,  in  connection  with  the  discussion  on  the  effect 
of  cold  on  physiological  economy,  that  cattle  are  very  tolerant  to 
low-environmental  temperatures.  This  is  true  because,  in  addition 
to  their  relatively  high-heat  production,  they  become  seasonally  accli¬ 
matized  to  low  temperatures— by  growing  warm  fur  (degree  of  insu¬ 
lation  regulated  by  reflex  pilomotor  action)  and  insulating  subcutane¬ 
ous  fat,  and  particularly  by  exercising  extraordinary  powers  of  vaso¬ 
motor  control  over  the  thermal  conductivity  of  the  peripheral  tissues 
(Res.  Bull.  489).  By  delicate  vasoconstriction  the  skin  temperature 
may  be  reduced  in  very  cold  weather  to  just  above  freezing  (6).  The 
various  temperature  gradients  (Figures  3a  and  3b)  are  so  adjusted  as 
to  reduce  the  rate  of  heat  loss  from  the  body  to  the  environment  to 
its  lowest  possible  value.  The  respiratory  heat  dissipation  is  also 
reduced  by  lowering  the  rates  of  respiration,  pulmonary  ventilation, 
and  respiratory  vaporization.  This  explains  how  seasonally  accli- 
matized  cattle,  provided  they  have  plenty  of  feed,  are  not  injured 
wintering  outdoors  in  our  mountain  states— particularly  if  wind 
breaks  and  similar  open-shed  protectives  are  available-even  at  —  40 
temperature.  The  traditionally-built  warm  dairy  barns  reflect  the 
nroiected  need  for  warmth  by  the  herdsman  rather  than  by  the  cow 
P  Deaths  among  cattle  do  occur  during  stormy  cold  weather,  but 

not  D-om  cold  as  such,  however  (7) .  The  im."ledl^,e.“^eoSc^^aand 
bp  starvation  combined  with  fatigue  and  often  with  suffocation  ana 
crushing.  The  tendency  of  animals  to  drift  across  the  range  with  the 
wind  and  to  huddle  together  for  warmth  often  ends  in  the  amma 
massing  1 together  near  a  fence,  thus  crushing  and/or  smothering  the 
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HEAT  PRODUCTION  CAL/  SQ.  M./DAY 


1950 


Heat  production  in  Brahman  and  Brovin  Swiss 
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cattle,  February  through  May. 


Figure  2c. 

Milk  yield  of  Brown  Swiss  cactle  in  relation  to  temperature,  February  through  May. 


MILK  SOIDS-NOT- 


TEMPERARJRE.T  POXJCTOKLBS  FAT,  %  BUTTE  Rf AT, %  TOTAL  SOLDS.% 
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TABLE  3 

Values  at  105°  F.  as  Percentages  of  Values  at  50°  F.  on  Some  Physiological  Reactions  Averaged  for  the  Different  Breeds 

(Values  at  50°  F.  =100%)  (From  Missouri  Research  Bull.  515) 
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TABLE  4 

Normal®  Values  for  Some  Physiological  Reactions  of  Our  Experimental  Cows 

(From  Missouri  Research  Bull.  515) 
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e  By  “normal”  is  meant  the  average  values  (for  each  breed)  between  40°  and  60°  F.  environmental  temperature— the  apparent  “com¬ 
fort  zone”  for  cows.  This  “comfort  zone”  is  the  temperature  range  during  which  there  is  no  apparent  physiological  adjustment  to  changing 
environmental  temperature. 

f  Surface  area  for  the  European  breeds  was  computed  from  the  equation:  Surface  area  in  square  meters  =0.15  (weight  in  kg.)  0.56  (see 
Mo.  lies.  Bull.  »9,  p.  10).  The  surface  area  of  the  Brahman  was  considered  to  be  12%  greater  than  for  the  European  breeds  (see  Mo. 


AIR  TEMPERATURE, °C 


p  .  .  ,  ,  Figure  3a. 

Rate  of  heat  loss  in  various  breeds  of  dairy  cattle  in  relation  to  seasonal 

air  temperatures. 

animals  in  the  front.  Pressing  nf 

in  another  range  situation  tn  }  u  ,r.anima  s  may  cause  anima 

canyons,  or  into  toy  ,aCs  “suffL^  f‘'°m  tbe  ed*e  °*  cliffs  in 

snow  sifting  into  the  'tpiratorv  ra  t  cZ  ^  fr0m  fil 

by  frozen  breath  moisture  coverW  nJ  M  may,  als0  be  bl>nd< 
helpless.  covering  the  eyes,  and  thus  rendere 

Brahmans— to  Florto^rSulte^f  °f  S°me  2°°  “ttle-mostly  grat 
circumstances.  First,  a  frost  kiUec^'th'1  CC™blnation  of  unfavorab 
cattle  in  a  starved  ^ondtofn.  These  starvtT6  leavin*  « 

and  unacclimatized  to  cold-as  are  our 
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TEMPERATURE  GRADIENT. 


ENVIRONMENTAL  TEMPERATURE.  °C. 


denly  caught  by  a  freezing  rain  and  stiff  wind  with  no  shelter  of  any 
kindY  The  animals  drifted  with  the  wind  until  stopped  by  fences. 
The  rear  animals,  in  their  attempt  to  get  some  warmth  by  social- 

temperature  regulation,”  kept  on  crowding,  p,u^‘n^’ 

with  the  result  that  the  animals  in  front  were  killed  and  the  animals 

in  the  rear  died  from  exhaustion. 

Design  and  Methods 

nnrimr  the  four  months  required  to  make  the  measurements  for 

S5S 
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lactation,  and/or  gestation,  and  changes  in  other  physiological  con¬ 
ditions  are  unique  characteristics  of  each  individual.  To  eliminate 
individual  differences  between  the  experimental  and  control  animals 
it  was  planned  to  use  identical  twins,  one  of  which  was  to  be  housed 
in  the  control  chamber  at  constant  temperature,  about  50°  F.,  and 
the  other  in  the  experimental  chamber  with  rising  temperature  from 
50°  to  105°  F.  (Figure  1).  A  pair  of  identical  twins  are  estimated 
to  yield  data  in  such  experiments  with  a  reliability  of  the  order  of 
that  obtained  from  a  herd  of  about  40  unrelated  individuals  (9). 
This  would  be,  of  course,  an  ideal  arrangement.  Unfortunately,  it 
could  not  be  attained  because,  first,  the  female  monozygotic  twinning 
frequency  in  cattle  is  only  about  0.6%;  and,  second,  even  identical 
twins  do  not  conceive  at  the  same  time  and  then  are  not  comparable 
because  of  differences  in  stages  of  lactation  and/or  gestation  during 
the  experiment.  It  seemed  expedient  to  use  animals  as  they  became 
available,  and  as  a  result  they  varied  considerably  in  age,  weight, 
milk  yield,  stages  of  lactation  and  gestation.  Obviously,  interpretive 
precision  was  influenced  accordingly. 

Our  cattle  were  housed  (5)  in  two  independently  controlled  cham¬ 
bers  (Figure  4)  each  26  x  18  x  9  ft.,  each  chamber  holding  six 
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stanchioned  in  standard  barn  stalls  4-ft.  wide.  The  two 
cham  3ers  are,  in  turn,  housed  in  an  insulated  60  x  40-ft.  building 
covered  with  galvanized  steel.  A  mixture  of  recirculated  air  was 
moved  through  each  chamber  at  about  45  ft.  per  minute,  or  about  180 
cubic  ft  per  minute  per  cow,  or  about  900  lbs.  dry  air  per  hour  per 
cow.  I  he  relative  humidity  was  maintained  at  about  65%.  The 
over-all  light  intensity  was  about  17-ft.  candles  (six  200-watt  bulbs) 
Ihe  air,  surrounding  walls,  ceiling,  and  floor  had  approximated  the 
same  temperature. 

The  following  measurements  were  made  on  the  animals*  feed  and 
water  consumption  and  milk  production  (12a);  heat  production  by 
the  open-cii  cuit  metabolism  apparatus  with  the  aid  of  a  muzzle  mask 
involving  metering,  aliquating,  and  analyzing  exhaled  air  for  CO., 
C  Ht,  and  0_.  (12b)  ;  total  evaporative  cooling  from  insensible  weight 
loss  (on  a  balance  having  a  precision  of  15  g.  for  a  1500-lb.  animal) 
(l-~()  collected  toi  metabolic  weight  loss”  (12b)  ;  respiratory  evap¬ 
orative  cooling  by  measuring  exhaled  air  and  its  moisture  content 
(12d)  ;  skin  and  hair  temperature  by  touch  thermocouple  and  Hardy 
radiometer  (12c);  reflection  of  visible  radiation  from  hair  by 
spectrophotometer  (12, r/)  ;  blood  composition''  by  standard  labo¬ 
ratory  procedures  as  given  by  Hawk  and  others  (12f)  ;  thyroid 
activity'  by  protein-bound  iodine  and  rate  of  uptake  and  excre¬ 
tion  of  radioiodine  (12f)  ;  rates  of  respiration,  pulse,  pulmonary 
ventilation,  and  rectal  temperature  bv  the  usual  clinical  methods 
(12b). 


The  above  data  have  been  analyzed  numerically  and  graphically  on 
arithmetically-coordinate  paper,  and  also  on  arithlog  paper  which 
permits  comparison  of  the  relative  changes  of  the  various  functional 
and  structural  reactions  without  distortion  (12h).  Tentative  data 
have  also  been  reported  on  the  effect  of  environmental  humidity  on 
these  reactions  at  various  temperatures  (12i).  The  effects  of  wind 
and  light  at  various  temperatures  are  now  under  investigation. 

The  following  discussion  on  cattle  is  based  on  the  above  listed 
data  accumulated  in  our  laboratory  since  1948,  supplemented  by  cita¬ 
tions  on  man  from  the  literature. 


Comparison  of  ihe  Effects  of  Higher  Temperatures  on  Cattle  and  Man 

Since  this  group  is  particularly  interested  in  the  effects  of  heat 
on  the  economy  of  man,  it  will  be  profitable  to  interpret  our  data  on 
cattle  by  comparing  the  relative  effects  of  heat  on  the  economy  of 
cattle  as  observed  by  us,  with  the  well-known  observations  on  man 
recorded  in  the  literature. 

Man’s  rectal  temperature  does  not  usually  rise  above  the  normal 
level  at  environmental  temperature  105  F.,  nor  does  his  skin  tem- 


'/  Grateful  acknowledgements  are  made  to  the  Office  of  Naval  Reseaich 
and  to  the  US  Atomic  Energy  Commission  for  assistance  with  the  blood  analyses 
and  thyroid  activity  measurements. 
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Figure  5. 

Showing-  physiological  reactions  of 
Holstein  cattle  as  functions  of  envi¬ 
ronmental  temperature. 
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TEMPERATURE.  F. 


Figure  6. 

Showing  heat  production,  milk  produc¬ 
tion,  and  water  consumption  of  Hol¬ 
stein  cattle  in  relation  to  environ¬ 
mental  temperature. 
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cattle  is  presumably  associated  with  the  higher  (than  in  man)  “rest¬ 
ing”  heat  production  per  unit  surface  (5). 

The  rise  in  outer-surface  vaporization  was  followed  by  an  increase 
in  respiration  rate  (panting),  pulmonary  ventilation  rate,  and,  there¬ 
fore,  in  respiratory  vaporization,  which  supplemented  the  inadequate 
outer-surface  evaporative  cooling. 


Rise  in  total  (outer-surface  and  respiratory)  evaporative  cooling, 
however,  also  became  inadequate  to  maintain  normal  body  tempera¬ 
ture.  Hence,  the  rectal  temperature  began  to  rise  somewhat  above 
70°  F.  in  the  large,  high-producing  Holsteins;  at  75°  F.  in  the  smaller 
(higher  ratio  of  surface  area  to  body  weight)  Jerseys;  at  80°  F.  in 
the  Brown  Swiss  (which  have  a  larger  dewlap)  ;  at  90°  F.  in  the 
very  low-producing  Brahman  of  the  same  body  weight  as  the  Jerseys 
but  of  12%  greater  surface  area  (very  pendulous  dewlap,  ears,  navel 
flap,  and  hump).  The  rise  in  rectal  temperature  was  immediately 
followed  by  decline  in  feed  consumption,  milk  production,  heat  pro¬ 
duction,  pulse  rate,  blood  C02-combining  power  and  ascorbic  acid 
and  by  increase  in  blood  creatinine,  as  shown  in  the  tables  and  in 
Figures  5  and  6. 


Several  features  are  of  interest  in  the  tables  and  charts:  (a)  The 
feed  consumption  was  more  sensitive  to  temperature  rise  than  the 
milk  production.  This  reminds  one  of  Brobeck’s  generalization  (10) 
that  “The  amount  of  food  eaten  appears  to  be  determined  at  least 
partly  by  the  organism’s  ability  to  dissipate  the  heat  of  food  metabo¬ 
lism/  Food  intake  appears  to  be  controlled  as  if  it  were  a  mechanism 
of  body-temperature  regulation.”  (b)  The  heat  production  declined 
with  rising  rectal  temperature.  This  apparently  contradicts  the  Van  t 
Hoff  rule  which  can  be  tentatively  explained  by  the  decline  in  feed 
consumption  and  milk  production  with  their  associated  high-heat 
increments.  Long  exposures  to  the  high  temperature  with  resultant 
decline  in  thyroid  activity  offer  another  explanation  which  is  now 
under  investigation,  (c)  Although  the  pulse  rate  rises  with  increasing 
temperature  in  man,  pulse  rate  in  our  cows  declined  simultaneously 
with  the  decreased  heat  production.  The  decline  m  pulse  rate  in  cat 
with  rising  temperature  may  be  associated  with  the  rising  skin 
temperature  as  well  as  with  declining  feed  consumption,  heat  produc¬ 
tion  and  thyroid  activity.  <d)  The  mere* se  in  pulmonary  vent Ration 
rate  reduced  the  carbon  dioxide  of  the  blood  (Figure  ). 
be  expected  since  similar  results  were  obtained  with  dogs  i11)-  lr}~ 
cidentally,  we  first  thought  that  this  response  reflected  a  stress  ketoins 
on  which  there  is  a  large  literature  (see  Mo.  Res.  Bull.  488).  (e)  i 

I.  <..d  '.~™.i™ «» *;«  s 

creatinine*  l^MFf^^TsJTp^suniably  reflecting  an  increasing 
endogenous  catabolism  with  declining  feed  consumption,  (f)  The 

in^clmngS'aasoc^ted'wtth^he  other 
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figure  7 

Effect  of  rising  ambient  temperature  on  man  and  on  various  breeds 

dairy  cattle. 
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physiological  reactions.  This  greater  heat  tolerance  of  the  Indian 
cattle  appears  to  be  associated  with  several  factors,  the  most  con¬ 
spicuous  of  which  is  a  12%  greater  surface  area  per  unit  weight. 
This,  along  with  their  short  hair,  enabled  them  to  dissipate  more  heat 
at  a  lower  environmental  temperature  in  the  presence  of  a  fair  thermal 
gradient  between  body  surface  and  air.  Then,  too,  they  had  a  much 
lower  heat  production  per  unit  surface  area  and  per  unit  weight 
resulting  from  lower  milk  production  and  possibly  a  lower  basal 
metabolism  (Figure  2b).  Finally,  they  had  a  lower  initial  level  in 
many  physiological  functions  (respiration  rate,  etc.)  which  provided 
a  greater  range  for  functional  increase  under  thermal  stress. 

Although  the  reactions  of  the  Indian-evolved  cattle  lagged  behind 
the  European  cattle  in  the  early  stages  of  rising  environmental  tem- 
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Figure  8. 

Effect  of  temperature  on  blood  constituents. 
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perature,  they  caught  up  with  the  European  cattle  at  about  105°  F. 
environmental  temperature  when  the  temperature  gradient  between 
outer-surface  and  atmospheric  temperature  virtually  disappeared; 
thus  the  greater  surface  area  of  the  Brahmans  was  no  longer  an 
advantage  to  these  apparently  non-sweating  animals  U).  Moreover, 
at  105°  F.  the  feed  consumption  and  milk  production  in  European 
cows  declined  to  approach  the  level  of  the  Brahmans. 

Feed  consumption  declined  earlier  than  milk  production  which  led 
to  loss  in  body  weight,  i.e.,  to  an  increase  in  surface  area  per  unit 
weight  and  to  loss  of  insulating  subcutaneous  fat  which  promoted 
heat  dissipation.  Heat  dissipation  was  also  promoted — or  rather  heat 


Effect  of  humidity  ie v^on  phy si„log 


reactions. 


49 


absorption  by  the  body  from  the  environment  was  reduced — at  the 
high  temperatures  by  the  steady  increase  in  the  skin  temperature  of 
the  cattle.  (In  contrast,  the  skin  temperature  of  man  remains  roughly 
constant  between  90°  and  105°  F.) 

From  this  discussion,  the  importance  of  sweating  and  the  impor¬ 
tance  of  the  ratio  of  surface  area  to  body  weight  can  be  seen.  It  will 
also  be  noted  that  the  level  of  feed  consumption  is  an  important  ele¬ 
ment  in  body  temperature  regulation.  All  of  these  observations  con¬ 
tribute  to  understanding  the  effect  of  environmental  temperature  on 
physiological  economy. 

Comparison  of  the  Effects  of  Humidity  at  Higher 
Temperatures  on  Cattle  and  Man 

Figure  9  shows  the  effects  of  increasing  relative  humidity  on  some 
physiological  reactions  with  rising  temperature  above  75°  F.  Chang¬ 
ing  the  relative  humidity  level  has  no  physiologically  significant  effect 
at  temperatures  below  about  75°  F.  because:  (a)  the  outer  skin  has 
little  moisture  to  vaporize  at  low  temperature  (man  “breaks  out”  in 
sweat  at  about  85°  F.,  and  cattle  accelerate  their  outer-skin  moisture 
production  at  about  65°  F.),  and  the  respiratory  vaporization  is  de¬ 
creased  in  cattle  at  low  temperature  by  reduced  respiration  rate;  and 
(b)  wide  changes  in  relative  humidity  of  the  air  at  low  temperatures 
are  associated  with  insignificant  changes  in  absolute  humidity  or  in 
atmospheric  vapor  pressure.  (A  change  in  100%  relative  humidity  at 
0°  F.  changes  the  absolute  humidity  of  the  air  by  one-half  grain  mois¬ 
ture  per  cubic  foot  while  a  change  of  100%  relative  humidity  at 
100°  F.  changes  the  absolute  humidity  by  20  grains  moisture  per  cubic 


foot — forty-fold  that  at  0°  F.) 

There  is  a  difference  in  the  effect  of  atmospheric  humidity  at  higt 
temperatures  on  man  and  cattle  because  of  differences  in  available  skin 
moisture  for  vaporization.  Outer-surface  evaporative  cooling  in  non¬ 
sweating  cattle  U)  is  limited  by  the  moisture  their  skin  can  yield. 
(Only  the  respiratory  vaporization,  which  in  cattle  is  about  one-fourth 
of  the  outer-surface  vaporization  between  70°  and  105  F.,  is  limited 
by  atmospheric  humidity.)  In  profusely  sweating  man,  on  the  other 
hand,  all  the  evaporative  cooling  is  limited  (above  85  F.)  by  the 

atmospheric  humidity  rather  than  by  the  available  skin  moisture. 
While  man  tends  to  become  dehydrated  at  higher  temperatures  . cattle 
do  not  •  while  the  ratio  of  urine  output  to  water  intake  declines  1 
man  with  rising  temperature  above  85°  F.,  this  remains  virtually 


constant  in  cattle. 

Summary 

This  paper  presents  a  very  brief  summary  of  a  series  of  progress 
reports  f  l)  on  the  effects  of  slowly  rising  dry-bulb  temperatures  50 
5ep.°"3o  P  (with  incidental  notes  on  declining  temperatures  50  to 
»  1  0°  £Vri;r=tion  and  feed  consumption,  heat  produc- 

iis 

of  European-  and  Indian-evolved  cattle. 
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The  effect  of  heat  on  the  physiological  economy  of  the  milk-pro¬ 
ducing  process  was  measured  by  the  effect  of  rising  temperature  on 
feed  consumption  and  milk  production.  These  processes  began  to 
decline  in  European-evolved  cattle  at  about  75°  F.  environmental  tem¬ 
perature  and  reached  virtual  zero  at  105°  F.  environmental  tempera¬ 
ture.  When  the  rectal  temperature  reached  about  107°  F.  (normal 
in  cattle  is  101°  F.),  and  the  skin  temperature  reached  105°  F.,  the 
animals  were  on  the  verge  of  collapse.  The  changes  in  rectal  and  skin 
temperature  feed  consumption  and  milk  production  were  associated 
with  other  physiological  changes. 

The  “comfort  zone”  (maintenance  of  normal  body  temperature 
without  apparent  aid  from  physical  or  chemical  homeothermic  mechan¬ 
isms)  of  the  normally-fed  cows  lay  approximately  between  freezing 
and  60°  F.  The  precise  range  depended  on  the  milk  yield  (and,  there¬ 
fore,  level  of  heat  production)  and  on  body  size  (or,  rather,  on  the 
ratio  of  surface  area  to  body  weight) . 

Increasing  the  ambient  temperature  from  50°  to  105°  F.  began  to 
affect  the  European-evolved  animals  at  the  cool  (to  man)  temperature 
level  of  65°  F.  (18°  C.)  when  the  respiration  and  moisture  vaporization 
rates  were  suddenly  accelerated.  At  about  75°  F.  (24°  C.)  when  maxi¬ 
mum  respiration  and  vaporization  rates  were  attained,  the  rectal  tem¬ 
peratures  began  to  rise  in  the  high-producing  European  cows  followed 
by  depression  of  feed  consumption,  milk  production,  heat  production, 
pulse  rate,  blood  CCt.  and  ascorbic  acid,  and  increase  in  blood  crea¬ 
tinine.  The  low  heat  tolerance  of  cattle  appears  to  be  associated  with 
their  low  evaporative  cooling.  (Neither  European  or  Indian  cattle 
“sweat.”)  The  ratio  of  evaporative  cooling  to  heat  production  at  105° 
F.  is  about  200%  in  man  and  only  100%  in  cattle;  above  85°  F.  this 
ratio  increased  in  man  at  the  rate  of  15  to  20%  per  1°  C.  increase  in 
ambient  temperature.  In  mature  cattle  this  ratio  increases  at  the  rate 
of  only  about  six  to  seven  per  cent  up  to  about  85°  F.  and  at  about 
two  to  three  per  cent  thereafter.  (The  rise  in  this  ratio  above  85°  F. 

is  due  mostly  to  decline  in  heat  production  rather  than  to  increase  in 
evaporative  cooling.) 


Braly mans  lagged  behind  the  European  cattle  by  about  15°  F.  ir 
their  initial  rise  in  rectal  temperature  and  in  the  other  physiologica 
reactions,  because  of  their  12%,  greater  surface  area  per  unit  weighl 
and  lower  heat  production  (lower  milk  yield  and  apparently  lower 

cauehtmuD  wth^'  v  105°  F:  <41°  C->'  h0WeVer'  the  India"  cattle 
caught  up  with  the  European  in  their  distress  (Table  1) 

£SSSlS2z trx;  ixsssr;; 

below° C^ncaPttleS10l0gICal  eff6Ct  °f  relative  humidity  was  evidenl 
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ture  from  65°  to  105°  F.  had  a  profound  effect  on  the  physiological 
economy  of  cattle,  declining  temperature  from  50°  to  near  0°  F.  had 
no  appreciable  effect  on  the  heat  production  and  feed  consumption  of 
high-producing,  large,  Holstein  cows.  Declining  temperature  did  in¬ 
crease  these  effects  in  the  smaller  Jersey  and  still  more  in  the  low- 
producing,  small  Brahman  cows  of  approximately  the  same  body 
weight  but  with  12%  greater  surface  area  per  unit  weight.  The  accli¬ 
matized  cattle — even  the  tropically-evolved  Brahmans  that  shivered 
at  50°  F.  before  acclimatization — appeared  comfortable  under  the 
laboratory  conditions  at  8°  F.  (-12°  C.).  Experience  in  wintering 
cattle  outdoors  or  in  open  sheds  in  our  mountain  states  indicates  that 


seasonally  acclimatized  European-evolved  cattle  can  withstand  temper¬ 
atures  of  —40°  F.  without  harm,  provided  that  plenty  of  feed  and 
water  are  available,  and  provided  that  the  cattle  are  prevented  from 
drifting  away  with  the  wind  in  storms. 


In  brief : 


(a)  Cattle  do  not  sweat;  hence,  increasing  environmental  tem¬ 
perature  to  105°  F.  also  increased  the  hair  and  skin  temperature  to 
105°  F.  (Figure  3a.)  Abolishment  of  the  thermal  gradient  between 
skin  and  environment  caused  the  animal  to  collapse  from  heat  stress. 
The  rectal  temperature  was  then  between  106°  to  109°  F.  in  contrast 
to  the  normal  100.5°  F.  (The  rectal  temperature  of  profusely  sweating 
man  is,  of  course,  normal  at  105°  F.  environmental  temperature,  and 
his  skin  temperature  is  only  about  93°  F.). 

(b)  While  cattle  were  intolerant  to  increasing  temperature  above 
about  70°  F.  they  were  entirely  comfortable  at  the  laboratory  tem¬ 
perature  of  0°  F.  and,  if  seasonally  acclimatized  and  provided  plenti¬ 
fully  with  feed,  cattle  are  known  to  winter  outdoors  at  — 40°  without 
harm.  This  extraordinary  cold  tolerance  of  cattle  is  due  to  their  ability 
to  produce  protective  coverings  and  particularly  to  their  extra¬ 
ordinary  vasocontrol  of  the  thermal  conductivity  of  the  peripheral 
tissues. 


(c)  The  “comfort  zone”  of  dairy  cattle  is  between  freezing  and 
60°  F.,  when  they  are  most  efficient,  produce  most  milk  at  the  greatest 
over-all  economy.  Increasing  environmental  temperature  above  this 
level  initiates  a  series  of  homeothermic  mechanisms  beginning  with 
increase  in  outer-surface  vaporization  (not  of  sweat  but  of  diffusion 
or  osmotic  moisture)  followed  by  increase  in  respiratory  vaporization 
(panting),  rise  in  rectal  temperature,  decline  in  feed  consumption, 
decline  in  milk  production  and  therefore  decline  in  the  energetic 
efficiency  and  economy  of  the  process. 

(d)  Among  the  additional  changes  with  increasing  ambient  tem¬ 
perature  to  105°  F.  were:  decline  in  pulse  rate  (in  man  the  pulse 
rate  rises  with  increasing  temperature),  halving  of  the  carbon  diox¬ 
ide  capacity  and  ascorbic  acid,  and  doubling  of  the  creatinine  levels 
in  blood  serum;  apparent  decline  in  thyroid  activity;  increase  in  re¬ 
flectivity  of  the  hair  for  radiations  m  the  visible  spectrum. 
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Vitamin  Requirements  in  Hot  Climates 

C.  A.  Mills 

Professor  of  Experimental  Medicine 
University  of  Cincinnati 

Climatic  stress  as  used  in  this  symposium  must  of  necessity  cover 
the  nutritional  problems  and  difficulties  encountered  under  hot  climate 
impediments  to  proper  body  heat  loss  as  well  as  those  connected  with 
the  metabolic  overstimulation  of  cold  climate  body  chilling.  Although 
we  have  shown  ( 1 )  that  the  metabolic  stress  of  cold  climate  stimu¬ 
lations  is  more  likely  to  promote  metabolic  breakdown  and  appear¬ 
ance  of  the  degenerative  diseases,  the  caloric  requirements  of  such  an 
existence  lead  to  a  high  level  of  nutrition  and  a  low  frequency  of 

vitamin  deficiency.  .. 

Herrington  and  Moriyama  (2)  dismiss  the  idea  of  a  metabolic 
response  to  external  temperatures  as  unworthy  of  consideration.  Mice 
and  other  furred  animals  may  show  metabolic  changes,  t  ey ^s  , 

since  they  are  dependent  on  chemical  heat  regulation,  but  this  is 
reaction  which,  if  it  exists  at  all  in  human  beings,  is  inconspicuou 
It  k  further  stated  that  “.  .  .  There  is  no  convincing  evidence  that 
the  resting  metabolism  of  either  diabetics  or  normals  shows  a  sea¬ 
sonal  swing.”  Unfortunately,  these  two  statements  only  reflect ;  t J 
prevailing  belief  held  by  a  goodly  portion  of  the  medical  pr«f^dence 
a  belief  that  is  unsupported  by  any  critical  survey 
available. 
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Numerous  observers  (S,  4,  5)  have  found  a  direct  relation  between 
immediate  external  temperature  level  and  internal  combustion  rate 
both  man  and  animals.  Oxygen  consumption  steps  up  regular  ly  as 
surrounding  temperatures  fall.  This  response  is  prompt  and  results 
mainly  from  increase  in  muscle  tone.  But  this  type  of  combustion 
increase  subsides  soon  after  external  temperatures  are  again  lowered. 
Careful  work  by  Gelineo  (6),  however,  has  shown  that  animus 
adapted  for  several  weeks  to  different  temperature  levels  exhibited 
a  more  lasting  change  in  combustion  rate,  which  shows  up  \\hen 
they  are  taken  out  and  tested  under  standard  temperature  conditions. 
Those  adapted  to  15°  C.  conditions,  for  instance,  show  a  markedly 
higher  combustion  rate  in  a  room  at  25°  C.  than  do  those  previously 
adapted  to  30°  C.  surroundings.  Animals  subjected  to  lower  temper¬ 
atures  for  several  weeks  withstand  chilling  much  better  and  use 


their  stored  glycogen  to  maintain  body  temperatures  much  more 
freely  than  do  those  adapted  to  higher  temperatures  (7). 


Medical  literature  presents  conflicting  evidence  as  to  seasonal 
changes  in  human  heat  production  levels  when  the  actual  tests  are 
carried  out  under  carefully  standardized  temperature  conditions. 
Some  observers  have  reported  no  such  relationship,  while  others  have 
shown  definite  seasonal  changes.  Careful  study  of  the  published  find¬ 
ings  reveals  the  basis  for  this  discrepancy.  In  practically  every  study 
citing  no  seasonal  influence,  there  were  no  recorded  observations  for 
the  months  when  summer  warmth  would  be  most  effective  (July, 
August,  and  September) .  DuBois’  observations  on  himself,  cited  by 
Lusk  (5),  contained  no  determinations  in  July,  August,  or  Septem¬ 
ber,  and  only  one  each  in  June  and  October.  Benedict  and  Gustafson 
(9)  made  careful  observations  on  a  group  of  Wellesley  students,  but 
recorded  no  readings  for  July,  August,  and  September.  Their  aver¬ 
ages  for  October  and  November  were  the  lowest  they  found.  Hafkes- 
bring  and  Collett  (10)  made  their  New  Orleans  observations  only 
from  February  1  to  May  30,  with  temperatures  ranging  only  from 
3.3°  C.  to  28.9°  C.,  but  even  within  this  range  they  found  basal  oxygen 

consumption  averaging  four  per  cent  less  at  the  higher  temperatures 
than  at  the  lower. 


Data  of  Benedict  and  Carpenter  (11)  are  most  often  cited  as  proof 
that  seasonal  changes  in  basal  metabolism  do  not  occur.  The  authors 
do  indeed  so  state,  but  their  results  fail  to  support  such  statements.  In 
S1X  .  t“eir  14  subjects,  no  readings  were  made  during  July  or  August 
and  m  five  of  the  remaining  eight,  the  year’s  lowest  values  were  found 
during  July  and/or  August.  Even  as  far  north  as  Boston,  where 

vat[onWthpPraCtlCaliy  n°  depressive  heat  during  the  period  of  obser- 

maximum tn°«  tm,mmUm  tended  to  come  in  late  summer  and 
uie  maximum  in  early  spring. 

,„.,lDefinite  and  regular  decline  of  basal  oxygen  consumntion 

I  „umber8’nf  ab°nal’  me8n  * temperature  Levels  has  Ln  reported  bv 
f  observers  who  made  determinations  throughout  the 
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whole  year.  Gessler  (12)  found  about  15%  summer  depression  in 
oxygen  consumption  at  Heidelberg  (see  Figure  1),  with  a  close 
inverse  relationship  to  mean  monthly  temperature  level  throughout 
the  year,  hunde  at  Chicago  (13)  found  her  metabolism  during  the 
hrst  four  days  of  the  menstrual  periods  to  average  nine  per  cent 
lower  trom  June  to  September  than  from  October  to  May,  while  the 
premenstural  four  days  showed  a  six  per  cent  difference.  Her  data 
also  showed  a  quite  regular  gradation  from  February  high  to  Sep¬ 
tember  low.  Nakagawa  (14)  found  in  Tokyo  a  strong  tendency  for 
yearly  maximum  readings  on  growing  children  to  fall  in  the  months 
trom  November  to  April,  while  minimum  readings  predominated 
tiom  May  to  October.  Griffith,  et  a.L,  in  1929  (15)  and  again  in  1938 
(16),  found  the  basal  metabolism  at  Buffalo  to  reach  its  highest 
levels  in  early  spring  and  its  minimum  in  early  autumn.  Passage 
thiough  tropical  heat  on  a  trip  trom  London  to  South  Australia  was 
found  by  Martin  (2/),  to  lower  his  resting  oxygen  consumption 
about  15%. 

There  can  be  little  doubt  that  basal  oxygen  consumption  in  man  is 


related  to  external  mean  temperature  levels  and  the  ease  with  which 
body  heat  can  be  lost.  No  excuse  remains  for  a  continuance  of  the 
present  confusion  carried  along  in  medical  literature.  Seasonal  fluc- 


Figure  l. 

Seasonal  relationship  of  0,  consumption  to  mean  monthly  temperature  level. 
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tuations  in  oxygen  consumption  are  probably  widest  mi ™,ddl® 
lower  temperate  regions,  where  people  are  subjected  to  depres 
summer  heat,  but  where  winter  cold  is  neither  so  severe  nor  prolonge 
as  to  restrict  mass  activity.  Further  north,  body-heat  loss  is  more 
stabilized  by  clothing  and  winter  heating  of  living  quarters,  with  no 
great  difficulty  of  heat  loss  during  the  pleasant  warmth  of  mid¬ 
summer. 


Climatic  stress  in  hot  climates  arises  primarily  from  the  difficulty 
the  body  has  in  dissipating  its  large  increment  of  waste  heat  and  a 
resultant  slowing  down  in  combustion  processes — this  latter  in  order 
that  the  body  will  have  less  heat  to  dissipate  (18).  This  difficulty  in 
waste  heat  dissipation  and  its  associated  metabolic  slowing  down  lead 
in  hot  climate  to  a  reduction  in  appetite,  widespread  malnutrition, 
and  retarded  development.  This  climatic  suppression  holds  equally 
true  for  people  and  domestic  livestock.  It  shows  up  in  retarded  growth 
rates,  in  a  later  onset  of  sex  functions  and  fertility,  in  reduced  ability 
to  reproduce,  and  in  a  lowered  resistance  to  infection  (19). 


During  1940,  while  on  a  study  tour  in  Panama  (19),  we  encoun¬ 
tered  our  first  hints  of  widespread  vitamin  deficiency  as  a  probable 
basis  of  the  malnutrition  prevailing  there  among  a  population  in 
whom  the  prevalence  of  the  usual  tropical  infections  is  held  at  a  low 
level.  Urinary  excretion  of  thiamine  among  natives  eating  indigenous 
foods  was  sharply  lower  than  among  migrants  newly  arriving  from 
northern  USA,  but  the  thiamine  output  of  such  new  arrivals  dropped 
steadily  through  the  weeks  as  they  consumed  the  native  meats  and 
foods.  Consumption  of  native  meats  such  as  pork  loin  and  calf  liver 
(normally  very  rich  in  thiamine)  was  found  to  increase  urinary  output 
sharply  less  than  the  consumption  of  similar  types  of  meats  imported 
from  northern  USA  or  Argentina.  Such  native  meats  and  eggs  were 
subsequently  found  to  have  a  lowered  content  of  thiamine  and  certain 
others  of  the  B-group  as  compared  to  cool  climate  animal  products. 
This  animal  deficiency  in  certain  of  the  B-vitamins  was  found  asso¬ 
ciated  with  a  remarkable  slowing  down  in  growth  rates  and  fertility 
among  tropical  hogs  and  cattle  (20). 


These  Panamanian  findings  which  pointed  to  a  widespread  B-de- 
ficiency  among  the  tropical  residents  (both  animal  and  human)  seemed 
clearly  associated  with  a  deficient  dietary  intake,  but  there  remained 
also  the  possibility  of  a  heightened  dietary  requirement.  This  possi¬ 
bility  was  the  stimulus  for  our  “requirement"  studies  on  experimental 

animals  under  controlled  conditions  which  will  now  be  briefly  sum¬ 
marized. 


All  of  our  laboratory  studies  dealt  with  the  relative  adequacy  o 

If  f etm,u  co.ncentrati°ns  (expressed  as  mg.  of  vitamin  per  kg 

1  diet)  fed  ad  libitum  to  animals  kept  respectively  at  91°  F  with  609! 

“umid*y  and^t  68°  F.  On  going  through  the  list  of  availabl 
vitamins,  we  obtained  the  following  positive  findings. 
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Figure  2. 

Dietary  thiamine  and  food  consumption  in  heat  and  cold.  Milligrams  thiamine 
per  kilo  of  food:  1  =  0.2,  2  =  0.4,  3  =  0.6,  4  =  0.8,  5  =  1.2,  6  =  1.6. 

White  Rats  (Sprague-Dawley) 

Thiamine:  For  optimal  growth  in  tropical  heat  (Figures  2  and  3), 
thiamine  dietary  concentrations  were  required  to  be  twice  as  high 
as  was  needed  for  optimal  growth  in  temperate  coolness  (21).  With 
advancing  age  (22)  and  its  metabolic  slow  down  there  was  a  steady 
rise  in  thiamine  dietary  concentrations  needed  for  optimal  response, 
but  at  all  ages  the  dietary  optimum  in  the  heat  remained  about  twice 
that  needed  in  temperate  coolness.  Exactly  similar  relationships 
were  found  for  the  thiamine  concentrations  required  to  prevent  acute 
deficiency  symptoms  at  all  ages  in  the  heat  and  temperate  coolness. 
For  production  of  white  blood  cells  with  optimal  phagocytic  ability, 
the  same  hot-cold  differences  in  requirement  were  observed,  but  in 
both  environments  the  dietary  thiamine  concentrations  require  0 
bring  about  optimal  phagocytosis  were  two  to  four  times  higher  than 
those  required  to  give  optimal  growth  under  the  same  temperature 

conditions  (23)  (Tablet). 
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TABLE  1 

Bat  White  Cell  Phagocytosis  in  Graded  Vitamin  Deficiencies 


-  At  68°  F. 

At  90-91°  F.  and  60-70%  R.H. 

Group 

Amount  of 
vitamin  per 
kilo  of  diet 

Average 
body  weight 
at  end  of 
period 

Number  of 
bacteria 
ingested 
in  four  min. 

Average 
body  weight 
at  end  of 
period 

Number  of 
bacteria 
ingested 
in  four  min. 

Thiamine-deficient  rats,  tested  after  four  weeks  on  diets 


1 

2 

3 

0  .6  mg. 

1 .0  mg. 

2  .0  mg. 

g- 

89 

146 

154 

3  .40  ±0.21 

3  .66  ±0.22 
7.51  ±0.27 

g- 

63 

87 

124 

2.63  ±0.16 

5  .27  ±  0  .23 

7  .40  ±  0  .24 

Pantothenic  acid-deficient  rats,  tested  after  seven  weeks  on 

diets 

1 

0  .5  mg. 

76 

2.43  ±0.16 

100 

2  .55  ±  0  .21 

2 

1 .0  mg. 

114 

3.63  ±0.21 

89 

3.78  ±0.22 

3 

3  .0  mg. 

151 

4  .58  ±0.22 

161 

6  .83  ±  0  .21 

4 

6  .0  mg. 

198 

5.89  ±0.27 

149 

5.92  ±0.27 

Choline-deficient  rats,  tested  after  six  weeks  on  diets 


1 

2 

3 

4 

5 

6 
7 


0.0  g 
0.2  g 

o  .4  g 
0  .75  g 


1.5  g 
3  .0  g 
5  .0  g 


180 

178 

192 

178 


2  .47  ±0.15 
4.88  ±0.27 
6  .53  ±  0  .23 
6.72  ±0.33 


170 

172 


3  .08  ±  0  .25 


5.40  ±0.26 
8.11  ±0.32 


needed"™  "4,'k^  wt'to  ^her, r.qui,rement  of  this  vitamin  wa 
thrombin  „m. and  th, 

White  Mice 

on  white  rats  ^th^pecTto^TrtaTrr  C°mpletely  anal*gous  to  thos 
and  optimal  phagocytosis  (23).  ‘  y  requirements  for  optimal  groivt 

Choline:  Again,  confirmation  of  the  white  rat  findings. 
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Chicks  (White  Leghorn) 

Thiamine:  Again,  complete  confirmation  of  the  rat  findings,  as 
regards  optimal  growth  and  polyneuritis  prevention  {26). 


Figure  3.  ,  .  ,  •> 

ictary  - 
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Although  considerable  controversy  and  confusion  has  arisen  over 
our  use  of  dietary  vitamin  concentrations  and  ad  libitum  feeding,  in 
contrast  to  absolute  vitamin  intake  under  paired  feeding  conditions, 
we  have  felt  that  our  approach  was  thoroughly  justified  by  a  primary 
interest  in  dietary  inadequacy.  Our  results  have  left  little  doubt  that 
dietary  thiamine  concentrations  thoroughly  adequate  in  temperate 
coolness  may  well  become  quite  deficient  in  tropical  heat.  This  applies 
equally  well  to  the  prevention  of  acute  deficiency  symptoms,  to  the 
maintenance  of  optimal  physical  nutrition,  and  also  to  the  bone 
marrow  production  of  optimally  active  phagocytes.  We  have  demon¬ 
strated  on  experimental  animals  under  controlled  conditions  that 
optimal  growth,  optimal  phagocytosis  and  highest  resistance  to  infec¬ 
tion  can  be  maintained  just  as  well  under  conditions  of  tropical  moist 
heat  as  in  temperate  coolness  provided  proper  enrichment  of  the 
diet  with  thiamine  and  choline  (and  protein)  is  carried  out. 

Another  point  over  which  much  controversy  has  arisen  is  the 
metabolic  response  to  environmental  temperatures,  whether  there 
really  is  a  metabolic  slow  down  in  tropical  warmth  and  a  stimulation 
in  the  cold.  Proper  analysis  of  the  evidence  at  hand  ( 1 )  again  leaves 
little  doubt  that  such  a  response  really  exists.  Such  a  response  in 
the  resting  metabolism  takes  two  to  three  weeks  to  make  its  annenr- 
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Water  Metabolism  in  Hot  Climates 

E.  F.  Adolph 

University  of  Rochester 

Water  needs  are  met  under  most  civilian  situations  without  diffi¬ 
culty.  In  military  situations,  water  for  drinking  can  become  a  limiting 
factor.  In  a  warm  climate,  such  as  in  a  hot  desert,  a  man  may  require 
10  to  12  liters  of  water  per  day.  There  is  no  water  standing  loose ; 
it  has  to  be  supplied.  In  this  case,  quantitatively,  water  becomes  the 
chief  food. 

Water  is  found  to  be  indispensable  for  relieving  the  strain  pro¬ 
duced  by  heat  stress.  Incidentally,  the  water  problem  and  the  investi¬ 
gation  it  inspires  could  well  serve  to  illustrate  the  bridge,  such  as  was 
called  for  this  morning,  between  an  environmental  and  a  metabolic 
problem.  Here  we  are  concerned  with  the  use  of  a  metabolic  sub¬ 
stance;  a  definite  component  of  the  metabolic  pattern  is  involved  in 
resisting  environment. 

Although  some  water  is  lost  from  all  animals,  many  animals  do 
not  use  water  for  evaporative  cooling.  Ordinarily,  vaporization  rep¬ 
resents  only  a  part  of  heat  loss;  man  depends  more  upon  conduction, 
radiation,  and  convection.  But  in  hot  atmospheres,  air  temperature  is 
likely  to  be  higher  than  body  surface  temperature;  and  hence  ex¬ 
change  by  these  other  paths  only  adds  heat  to  the  organism.  Then 
the  only  chance  to  lose  heat  is  by  evaporative  cooling. 

In  man  the  production  of  sweat  regularly  takes  care  of  this  need 
for  evaporative  cooling,  provided  evaporation  is  possible.  In  an 
atmosphere  saturated  with  moisture,  such  as  is  typical  of  tropical 
areas,  evaporation  is  limited  and  yet  sweat  production  keeps  on.  In 
fact,  sweat  production  can  be  more  intense  in  hot  moist  conditions 
than  in  hot  dry  conditions.  Sweating  rates  up  to  1.7  liters  per  hour 
have  been  measured  in  men  walking  in  the  desert  ( 1 ).  Sweating 

rates  twice  that  have  been  measured  in  men  in  tropical  atmos¬ 
pheres  ( 2 ). 


In  addition  to  the  factor  of  air  temperature,  we  must  think  of 
solar  radiation  and  of  any  physical  work  done,  as  adding  to  the  heat 

arPbLdrfSted'^  Here  .1S  an  il!ustration  of  the  way  in  which  stresses 
are  additure,  and  thereby  produce  exaggerated  strains. 

f  ^at.er  intake  is  inadequate,  dehydration  of  the  body  devel¬ 
ops;  dehydration  then  becomes  the  limiting  factor  in  human  opera- 
tions  In  investigating  just  how  a  shortage  of  body  water  limits  the 

tphlpytn°  op,erate;we.found  that  this  limitation  was  largely  attribu¬ 
table  to  inadequate  circulation  of  blood  (1) .  First  of  all  thp  hlnnH 

volume  ,,  reduced;  in  fact,  the  blood  loses  mo  ftha„  i  s  share  0? 
volume  as  compared  with  the  bodv  as  a  wLnio  l  snare  ot 

is  dilation  of  blood  vessels,  pa^ufarfy  on  he  lodv  ther6 

return  re^laS  ^ 

mea^ntr^Ut 
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pulse  rate  is  a  signal  of  distress  in  physiological  circumstances  as  well 
as  in  pathological  ones.  Secondly,  one  can  easily  follow  the  rise  of 
body  core  temperature,  and  core  temperature  begins  to  rise  as  soon 
as  there  is  inadequate  transfer  of  heat  between  core  and  surface 
these  two  measurements  alone  yield  a  useful  index  of  the  capacity 
of  the  individual  to  keep  going. 

.  To  these  simple  phenomena  of  change  in  circulation  exhibited  in 
rise  of  pulse  rate  and  rise  of  core  temperature,  we  have  to  add  the 
fact  that  the  stroke  volume  is  diminishing,  so  that  each  heart  beat 
pumps  less  blood  about  the  body.  That  the  heat  loss  is  diminishing 
can  be  judged  not  only  by  the  rise  of  rectal  temperature  but  also  by 
decrease  of  skin  temperature.  The  sweating  maintains  its  part  of 
the  cooling;  it  is  adequate  to  keep  the  surface  cool.  But  the  connec¬ 
tion  by  the  blood  stream  between  the  deep  tissues  and  the  superficial 
ones  becomes  inadequate. 

How  does  this  dehydration  make  the  body  sensitive  to  excessive 
heat?  We  find  an  explosive  rise  of  deep  temperature,  and  eventually 
heat  stroke.  This  explosive  rise  of  deep  temperature  is  the  signal  of 
a  new  sort  of  process  coming  in.  We  have  observed  in  it  men  exposed 
to  heat  and  without  water  to  replace  their  sweat  losses,  and  we  have 
observed  it  in  still  more  extreme  instances  in  animal  experiments, 
particularly  with  dogs.  Dogs  first  exposed  to  a  warm,  dry  atmosphere 
could  keep  cool  for  hours.  Later  they  required  a  much  lower  atmos¬ 
pheric  temperature  to  be  able  to  endure  at  all.  Then,  even  in  spite  of 
lowering  the  atmospheric  temperature  to  below  the  deep  body  tem¬ 
perature,  an  explosive  rise  of  deep  body  temperature  occurred.  As 
soon  as  the  deep  tissues  had  experienced  a  temperature  of  42°  C., 
the  damage  was  done.  Sometimes  the  animal  could  be  cooled  off  and 
survive  for  an  hour  or  two,  or  even  for  24  hours.  The  damage  was 
chiefly  in  the  central  nervous  system,  it  is  believed  ( 3 ). 

Survival  under  water  shortage  can  be  prolonged  by  avoidance  of 
exposure  to  heat.  In  practical  terms,  in  the  hot  desert,  this  means 
staying  in  the  shade  during  the  day  time  and  doing  no  work;  or 
perhaps  doing  a  certain  amount  of  work  during  the  coolest  hours  of 
night,  that  is,  after  midnight. 

This  debilitation  by  dehydration  also  occurs  to  a  certain  degree, 
although  not  nearly  to  a  lethal  degree,  in  an  individual  who  has  all 
the  water  he  wishes.  As  long  as  he  is  working  in  the  heat,  he  charac¬ 
teristically  does  not  drink  enough  water  to  maintain  his  water  con¬ 
tent  This  moderate  decrease  in  water  content  is  sufficient  to  raise 
his  pulse  rate  and  deep  temperature.  This  constitutes  evidence  that 
he  is  voluntarily  bringing  on  a  situation  which  is  partially  deleterious, 

through  inadequate  water  intake  (1).  „  , 

Consideration  of  water  intake  leads  to  the  study  of  the  factors 
of  thirst.  Thirst  can  be  thought  of  as  representing  all  the  urges  which 
have  to  do  with  water  intake.  By  comparison  of  man  with  other  ani¬ 
mals,  we  get  some  index  as  to  what  these  factors  are  in  thirst.  We 
find,  for  instance,  that  a  dog  or  a  donkey  has  adequate  replacement 
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of  water  losses  even  in  a  hot  atmosphere,  whereas  man  has  slow  and 
inadequate  drinking. 

The  thirst  patterns  that  we  have  studied  particularly  are  such  as 
give  clues  to  what  forms  of  stimulation  arouse  water  intake.  Those 
forms  of  stimulation  which  prompt  water  drinking,  and  have  been 
studied  most  thoroughly,  are  the  creation  of  a  simple  water  deficit 
either  by  sweating,  as  in  man,  or  by  panting  in  a  hot  atmosphere,  as  in 
dog,  and  second,  the  administration  of  some  solute  such  as  sodium 
chloride,  which  itself  leads  to  quantitative  drinking  of  a  certain 
amount  of  water. 

We  can  modify  the  results  of  those  stimulations  by  several  known 
factors.  One  group  of  factors  enhances  the  water  intake.  There  are 
two  factors  so  far  known  which  will  enhance  water  intake :  interfer¬ 
ence  with  the  hypothalamic  region  of  the  brain,  or  administration  of 
posterior-pituitary  substance.  The  former  has  been  studied  in  dogs 
which  have  had  sections  of  the  pituitary  stalk  made.  These  dogs,  pre¬ 
pared  for  us  by  Dr.  Keller  of  the  Fort  Knox  Laboratory,  drink,  when 
submitted  to  a  water  deficit,  almost  twice  as  much  water  as  the  normal 
dogs.  This  means  that  they  not  merely  replace  the  water  previously 
lost,  they  almost  replace  it  twice  over,  and  as  a  result  water  diuresis 
ensues.  The  same  dogs  in  water  balance  do  not  drink  more  than 
normal  dogs  would  be  drinking  from  hour  to  hour.  The  second  en¬ 
hancement,  by  posterior-pituitary  substance,  follows  administration 
of  one-tenth  of  a  pressor  unit  of  posterior-pituitary  extract  per  kilo¬ 
gram.  This  treatment  also  almost  doubles  the  water  intake  of  a 
normal  dog  after  a  given  water  deficit  U).  This  study  shows  that 
theie  aie  enhancers  as  well  as  stimuli  to  water  drinking. 

Inhibitors  of  water  drinking  are  also  known,  and  at  least  two 
have  been  worked  out  fairly  thoroughly.  One  is  the  inhibition  of 
water  drinking  by  distention  of  the  stomach  (5)  ;  it  has  been  demon¬ 
strated  m  a  number  of  species,  particularly  in  the  dog.  However  the 
dog  of  the  species  tested,  has  the  least  inhibition  from  distention  of 
the  stomach.  The  second  means  of  inhibition  is  to  add  solute  to  the 
dunking  water.  If  we  add  enough  salt  to  the  water  which  is  going 

the  water"  Thu,  lesrer  amounts  drunk  as  more  salt  is  Present  in 
the  \\atei  Thus,  taste  factors  are  inhibitors  of  drinking 

Kood  these — -  -  nxi 

to  fi0ndeSoteeme°thod  btwhie'h^^pl^o.umT3  ^  is 

the  dehydrated  individual  Volume  Can  be  Preserved  in 

distribution  so  that  plasma  volume  k*  "ay ,°!  lr|fluencing  water 
stay  out  of  some  other  compartment  for  t-h  mainta‘ned.  and  the  water 
drug  or  hormone  that  whlTet  ™ome  othe^t  «  '  ^ T?  Is  there  a^ 
one  which  is  crucial  to  circulating  the  blood"  "  ^  n0t  this 

a  ere  adaptation  to  successive  dehydrations?  We  know  that 
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there  are  adaptations  to  heat  itself  and  that  man  is  able  to  withstand 
the  stress  of  heat  with  less  distress  on  the  second  exposure  than  on 
the  first,  or  on  continued  exposure.  We  even  know  there  is  some 
adaptation  to  successive  inanitions  in  man.  So  far  as  we  have  been 
able  to  find  ( 1 )  there  is  no  adaptation  to  continued  dyhydration,  in 
spite  of  what  the  popular  desert  literature  tries  to  tell  us.  People 
seem  to  adapt  to  the  desert  by  doing  less  and  less,  and  therefore 
sweating  less  and  less,  and  not  by  any  physiological  change  within 
them. 

In  general,  we  are  concerned  with  trying  to  protect  the  man  from 
the  effects  of  water  loss  in  all  situations  wh^re  water  supply  is  inade¬ 
quate.  As  mentioned,  we  cannot  succeed  in  separating  environmental 
physiology  from  metabolic  physiology.  If  water  cannot  be  made 
available,  the  best  thing  is  to  stop  requiring  water  loss,  so  far  as 
possible. 

In  conclusion,  it  may  be  said  that  there  is  no  substitute  for  water. 
Hence,  we  have  to  insure  a  supply  or,  otherwise,  rely  on  nonexposure 
to  evaporative  and  other  losses  of  water.  Without  enough  blood  vol¬ 
ume,  everything  else  is  lost.  And  because  of  this  puzzle  of  voluntary 
dehydration,  we  must  investigate  thirst  itself  if  we  want  to  make 
headway  in  adapting  the  man  to  survival  in  untoward  warm 
situations. 
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DISCUSSION  OF  ANIMAL  STUDIES 
A.  Under  High  Temperatures 

NEWSc°™w  have  these  three  papers  before  us,  and  discussion  can  proceed. 
BRDrYAdolph’s  comments  on  two  problems  would  be  appreciated.  There  are 

*  «  TTrtliVo  in  man  the  water  consumption  in  cattle  is  associated 

four-  or  fivefold.  Unlike  in  man, jme '  wFhich  has  become  notorious- 

with  increasing  urine  output,  and  one  cow  No .  2  ,  that  she  declined 

she  hasmnnated 

tions  as  she  increased  water  consumption.  The  she  drank  so 

much1  or  did  s”k  s^much  because  she  urinated  so  much?  That  is  question 
number  one. 
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Qestion  number  two.  You  mentioned  the  fact  that  on  increasing  temperature 
there  is  a  rise  in  pulse  rate  and  that  the  rise  in  pulse  rate  is  an  index  of  stress. 
As  you  may  have  seen  from  one  of  the  charts  which  has  been  shown  very  briefly, 
the  increase  in  temperature  and  increase  in  stress  is  associated  in  our  cows 
with  decline  in  pulse  rate.  Why  is  it  that  in  cattle  the  pulse  rate  declines  with 
decreasing  temperature? 

ADOLPH:  ,  ,  ,  , 

I  have  a  hypothesis  on  cow  No.  212.  I  think  that  the  water  she  had  access 
to  was  so  much  cooler  than  she  was  that  it  was  very  profitable  for  her  to  take  in 
lots  of  water  and  cool  off  by  that  means. 

BRODY: 

Why  didn’t  other  cows  do  the  same?  We  had  about  36  cows.  Why  did  this 
particular  No.  212  do  that  and  not  the  others? 

ADOLPH: 

I  don’t  think  we  need  to  consider  that  experimentation  on  the  part  of  a  cow 
is  unknown.  With  regard  to  pulse  rate  in  stress,  I  agree  that  you  can’t  categori¬ 
cally  say  that  every  increase  in  pulse  rate  is  the  signal  of  distress.  I  also  would 
call  attention  to  the  fact  that  we  don’t  quite  know  how  to  measure  a  stress  on 
the  cow.  Maybe  we  are  saying  that  the  cow  is  under  stress  with  a  diminished 
pulse  rate  when  the  cow  herself  regards  it  as  a  decrease  of  stress. 

MITCHELL: 

Is  it  your  experience,  Dr.  Adolph,  that  with  the  same  dry-bulb  temperature 
and  an  increase  in  wet-bulb  temperature,  sweat  will  increase  beyond  a  certain 
point? 

ADOLPH: 

I  can’t  quote  the  original  information  on  this,  but  judging  by  the  work  done 
during  the  war  at  Fort  Knox  I  would  say  that  the  evidence  was  that  whenever 
the  evaporation  of  sweat  was  insufficient  to  keep  the  skin  cool,  the  sweat  produc¬ 
tion  increased  accordingly.  There  was  an  over-compensation  for  the  fact  that 
the  previous  sweat  didn’t  manage  to  keep  the  man  cool 
HORVATH: 

Might  I  add  to  that  that  the  volume  of  sweat  was  higher,  four  liters  per 
hour,  the  highest  that  were  recorded  during  those  experiments.  A  terrific  load 
of  water  came  out. 


MITCHELL: 

AS  *  rememher,  Dr.  Lee  in  his  work  in  Australia  reported  just  the  opposite _ 

that  a  dry  climate  for  the  same  dry-bulb  temperature  would  cause  a  greater 
excretion  of  sweat.  8 

ADOLPH: 

That  is  true  for  the  same  dry  bulb,  but  if  we  compare  wet-bulb  temperature 
YOUMANSmPare  eCtlVe  temperature’  il  may  be  the  °ther  way  around. 

r  jr  wouid  tsssfs 

Which  I  think  we  spoke  o7a  X  Z  W?ere  dama*e  was  do^, 

words,  should  we  attempt  to  indoctrinate  ’soldiers  that  hX  In  other 

X& LPHftin6’  aSSUming  that  What  th^  ■"  is' minimal"0  m°re  tHan 

restricting  “  that  ««  already 

promote  the  intake  of  water  they  wnnM  £  ”y  ^eneficlal-  »  »e  could  only 
form  more  work.  Expertaenta” «*»M  pe ,! 
formance  or  higher  pu.se  rates  or  higher  bodT U^m's'Vme 
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that  thw  means  that  some  of  the  people  who  have  claimed  the  opposite  have  not 
hpnpifit  f d  their  observations.  There  is  no  scientific  evidence  that  there  is  any 
benefit  from  restricting  water  intake.  In  the  utilization  of  the  camel  one  restricts 
the  water  intake,  but  at  the  end  of  the  period  the  camel  drinks  all  that  he  would 

have  drunk  if  he  had  water  ad  libitum  in  the  meanwhile.  We  don’t  expect  this 
i n  man. 


BASS: 

Is  the  fact  that  men  replace  their  water  inadequately  related  to  the  fact  that 
they  replace  water  rather  than  water  plus  salt?  Might  there  not  be  a  lag  before 
they  attain  normal  water  balance? 

ADOLPH: 

This  is  one  of  the  factors  which  suggests  itself— that  the  water  loss  involves  a 
salt  loss  as  well.  What  one  ought  to  do  is  to  recover  from  the  water  deficit  by 
supplying  also  the  salt  deficit.  By  salting  the  water  we  found  that  the  intake 
was  still  the  same  as  without  the  salt  in  the  water.  Therefore,  it  didn’t  seem 
as  if  the  salt  was  of  any  consequence  in  how  much  water  was  drunk. 

NELSON: 

Dr.  Mills,  in  some  of  our  studies  on  thiamine  requirements  of  animals  at 
different  temperatures  we  observed  that  animals  of  a  given  size,  given  a  single 
dose  of  thiamine  after  they  have  come  down  with  a  polyneuritis,  recovered  more 
slowly  in  a  hot  temperature  than  they  did  in  a  cold  one — indicating  that  the 
actual  requirement  of  the  animal  in  the  hot  temperature  was  lower  than  in  the 
cold.  Do  you  see  anything  contradictory  to  that  in  your  own  observations? 

MILLS: 

Had  those  two  animals  been  in  their  respective  environments  for  several  weeks 
preceding  the  development  of  the  deficiency  and  the  thiamine  dosage? 

NELSON: 

Not  for  several  weeks,  but  they  had  been  in  that  environment  for  a  short 
period. 

MILLS: 

The  metabolic  adaptation  begins  at  the  end  of  the  second  week  and  goes  on 
through  the  third  quite  rapidly.  So  if  you  had  not  adapted  the  animals  that  way, 
then  you  were  not  dealing  with  the  animals’  thiamine  requirement  primarily. 
You  might  be  just  having  a  little  fraction  of  it  by  having  that  animal  right  then 
put  into  a  hot  environment,  where  his  metabolic  rate  would  be  slowed  down  and 
his  thiamine  requirement  for  the  time  being  might  be  apparently  less.  When  it 
comes  to  the  production  of  the  deficiency  in  animals  previously  adapted  for  an 
adequate  time,  then  I  think  you  would  have  a  different  situation. 

LEVIN: 

You  spoke  of  concentrations  of  vitamins,  Dr.  Mills — that  the  level  of  con¬ 
centration  might  be  related  to  the  food  intake.  I  noticed  in  your  chart  that  the 
concentrations  you  actually  used  showed  an  actual  difference  of  0.6  mg.  in  one 
and  1.2  in  the  other.  In  your  other  chart  you  had  the  inverse  ratio,  70  g.  of  food 
per  week  in  one  case  and  140  in  the  other.  The  absolute  intake  would  be  identi¬ 
cal  in  the  two  cases — is  that  correct? 


MILLS:  ,  ,  .  ,  .  . 

No.  Actually,  the  average  food  intake  for  animals  of  the  same  weight  and 

the  same  degree  of  dietary  adequacy  will  be,  for  a  200  g.  rat,  about  70  as 
against  about  100  to  110,  70  in  the  heat,  100  to  110  in  the  cold.  In  other  words, 
there  is  about  half  again  as  much  food  eaten  in  the  cold  as  in  the  heat  for  a 

similar  rat. 


LEVIN: 

What  is  the 
and  cold? 


relation  of  the  absolute  requirement  for  vitamins,  in 


heat 
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With  thiamine,  it  is  about  60%  more  in  micrograms  per  kilogram  of  body 
weight,  i.e.,  60%  more  micrograms  of  thiamine  per  unit  of  body  weight  of  the 
rat  in  the  heat  per  day.  That  is  the  way  it  came  out.  It  was  not  doubled  in 
absolute  amount. 

TAPPAN: 

I  wonder  if  you  have  considered  the  destruction  of  thiamine  in  the  higher 
temperatures. 

MILLS: 

Yes.  By  keeping  all  the  diet  stored  in  the  ice  box,  covered,  and  taking  out 
for  each  day’s  consumption,  discarding  whatever  was  left,  and  starting  anew 
again,  we  avoided  destruction  from  heat. 

TAPPAN: 

Even  for  short  periods  of  time,  with  such  low  levels  of  thiamine  over  a  one- 
day  period,  I  would  imagine  that  the  level  would  go  down  somewhat  in  the  diet. 
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Acclimatization  to  Cold  Environment 

L.  P.  Dugal 

School  of  Medicine,  Laval  University,  Quebec,  Canada 

Strictly  speaking,  the  term  ‘‘acclimatization”  is  taken  to  mean  the 
habitutation  of  an  organism  to  a  new  climate,  that  is  to  say  to  a  cli¬ 
mate  not  natural  for  it.  In  a  broader  sense,  acclimatization  char¬ 
acterizes  the  process  or  processes  by  which  living  matter  alters  itself 
in  such  a  way  that  it  can  come  to  endure  a  physical  or  chemical  en¬ 
vironment  which  normally  could  be  detrimental.  It  involves  the  study 
of  the  underlying  physiological  or  biochemical  mechanisms,  the  nor¬ 
mal  defense  reactions  that  permit  living  organisms  exposed  sud¬ 
denly — or,  more  often,  gradually — to  a  new  surrounding,  to  adjust 
themselves. 

Such  a  definition,  inspired  from  Heilbrunn’s  chapter  on  acclima¬ 
tization,  in  his  textbook  on  “General  Physiology”  ( 1 ),  would  not 
likely  be  approved  by  everyone  working  in  the  field.  But  there  is 
enough  in  it,  perhaps,  to  make  us  distinguish  between  the  state  of 
acclimatization,  which  is  something  static  and  acquired,  and  the 
process  of  acclimatization,  which  is  the  development  of  resistance 
towards  the  new  climate.  The  process  is  something  dynamic — some¬ 
thing  which  leads  to  the  acclimatized  state. 

One  may  wonder  if  acclimatization  to  cold  environment  is  some¬ 
thing  that  really  exists.  That,  question  is  still  highly  controversial  as 
far  as  man  is  concerned,  despite  the  fact  that  there  is  good  evidence 
to  believe  so  ( 2 ,  3,  4).  Since  this  session  is  devoted  to  animal  exper¬ 
imentation,  I  shall  gladly  limit  myself,  however,  to  the  question  of 
acclimatization  in  animals.  As  far  as  animals  are  concerned,  it  seems 
to  be  agreed  that  acclimatization  to  cold  does  exist. 

In  fact,  it  has  been  shown  quite  definitely  that  rats  and  rabbits, 
during  exposure  to  moderate  cold  (that  is  to  a  cold  environment  that 
may  be  tolerated  by  non  pre-exposed  animals)  acquire  an  increased 
resistance  to  severe  cold  exposure  as  compared  to  non-acclimatized 
animals.  For  instance  Sellers  (5)  and  co-workers  found  that  if  they 
exposed  shorn  rats  to  an  environment  of  1.5°  C.,  most  of  them  sur¬ 
vived _ indefinitely  if  they  had  been  pre-exposed  for  long  periods 

(two  to  three  months)  before  clipping,  to  the  same  cold  temperature. 
On  the  other  hand,  clipped  rats  of  the  same  weight,  not  pre-exposed 
to  cold,  died  under  the  same  conditions  of  exposure.  Another  dem¬ 
onstration  that  exposure  to  moderate  cold  increases  the  resistance 
to  severe  cold  in  animals  is  the  work  of  Blair,  Dimitroff,  and  Hingeley 
(6)  working  with  rats  and  rabbits.  After  conditioning  their  animals 
to  moderate  cold,  they  exposed  them  to  a  more  severe  degree  of  cold. 
The  tolerance  of  their  conditioned  and  nonconditioned  anima  s  to 
that  severe  cold  was  judged  by  their  respective  ability  to  avoid  ad¬ 
verse  physiological  responses  like  hypothermia  and  cold  injury.  Al 
conditioned  animals  avoided  hypothermia  and  frostbite  whereas  the 
contrary  occurred  in  nonconditioned  animals.  Although  in  this  last 
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r  r  IGURE  1. 

“sn  i rats  exposed  * «*> « 

[This  char,  appeared  original, y  i„  Canadian  ./.  ^  1947)  ] 
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case,  the  increased  growth  of  hair  due  to  the  conditioning  of  animals 
in  the  cold  may  have  played  an  important  part  in  the  acquired  resist¬ 
ance  to  cold,  that  is  certainly  not  the  case  in  the  work  of  Sellers.  This 
work  provides  a  clear-cut  demonstration  that  some  physiological 
changes,  besides  the  increase  in  insulation  due  to  the  growing  of  hair, 
have  taken  place  in  rats  pre-exposed  to  cold  and  have  enabled  those 
animals  to  survive  the  more  intense  conditions  of  cold  created  by 
clipping. 

All  of  those  experiments  were  made  on  rats  and  rabbits,  animals 
which  are  able  to  synthesize  ascorbic  acid.  Since  we  have  found,  in 
our  laboratory,  that  ascorbic  acid  increases  (Figure  1)  in  the  tissues 
of  the  rat  during  acclimatization  to  cold  (7),  we  were  naturally  inter¬ 
ested  to  see  whether  or  not  that  substance  would  have  some  effect  on 
resistance  and  acclimatization  to  cold  on  animals  like  guinea  pigs 
and  monkeys,  unable  to  synthesize  vitamin  C. 


TABLE  2 

Decrease  in  Ascorbic  Acid  Content  in  the 
Adrenals  of  Guinea  Pigs  Dying  in  the  Cold 


Ascorbic  acid 

Rectal 

Adrenal  ascorbic  acid,  mg./g. 

given  daily 
(mg.) 

temperature 

(°C.) 

Expected 

Found 

2.0 . 

25 

25 

23 

20 

20 

28 

30 

18 

19 

15 

21 

0.228 
n  99ft 

0.032 

0  .054 

0  .028 

0.031 

0.053 

0.016 

2.0 . 

2.0 . 

n  99ft 

2.0 . 

A  QOQ 

2.0 . 

V  •  Ld^d  O 

A  OOQ 

0.5 . 

v  .  Ld  Ld  O 

A  1  7C 

5.0 . 

U  •  X  i  D 

A  O  AA 

5.0 . 

u  .  o  «7  y 

A  O  AA 

0  .249 

5.0 . 

v/  *0  *7  «7 

0.399 

0.552 

0.710 

0  .215 

7.5 . 

0  .206 

10.0 

0.438 

0.195 

Average  .  . 

• 

A  OA  O 

0.138  (  =60%) 

v  .o4o 

(This  chart  appeared  originally  in  Can.  J.  Res.,  E„  24,  111-136  [1947].) 
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TABLE  3 

Average  Fall  (°G.)  in  Hectal  and  Intramuscular  Temperatures  at  -20  °G.  (Exposure  of  Two  Hours)  Comparisons 

Made  Between  Different  Groups 


0.71 

2.60 

2.78 

Difference 

between,  % 

I&  II  6.9 

I  &  III  23.0 

II  &  III  28.3 

Fall  in 

intramuscular 

t  temp.  °C. 

M.  and  S.  E. 

0.37  4.70  ±0.28 

5.41  5.05  ±0.41 

4.74  3.62  ±0.31 

Difference 
between,  % 

I&II  2.3 

I  &  III  31  .5 
II  &  III  30.0 

Fall  in  rectal 
temp.  °C. 

M.  and  S.  E. 

3.07  ±0.12 

3  .00  ±0.15 
2.10  ±0.12 

No.  of 
exposures 
at  -20°  C. 

CD  -*}<  CO 

Accli¬ 
matized 
at  °C. 

©  ©  O 
(N  1  1 

Ascorbic 
acid, 
mg. /day 

lO  lO  »o 
<N  <M  <M 

CO 

bio 

W 

T}<  CD  t-; 

ID  ID  ID 

Q. 

3 

O 

HHH 

H"H  HH 

O 

(This  chart  appeared  originally  in  J.  of  Appl.  Physiol.,  5,  143-146  [1952].) 


urinanalysis  (Figure  3)  ( 8 ).  As  in  the  rat,  failure  in  acclimatization 
to  cold  is  accompanied  (c)  by  a  decrease  in  the  ascorbic  acid  conten 
of  the  adrenals  (Table  2)  (7).  It  must  be  emphasized  that  it  is  m 
the  adrenals  that  the  decrease  is  most  pronounced. 

Monkeys.  In  order  to  find  out  if  ascorbic  acid  had  the  same  bene¬ 
ficial  effects  on  larger  animals  like  monkeys  (Rhesus  macacus) ,  we 
used  the  following  procedure:  24  monkeys  were  distributed  into  thiee 
groups;  group  I,  consisting  of  11  monkeys,  was  kept  constantly  at 
room  temperature,  and  fed  “Purina”  Dog-Chow  plus  a  supplement 
of  25  mg.  of  ascorbic  acid  per  oz.  daily;  group  II,  with  eight  monkeys, 
was  fed  like  the  preceding  group  and  received  the  same  amount  of 
ascorbic  acid,  but  was  maintained  in  a  mildly  cold  environment  of 
10°  C.  during  six  months  before  any  experiment  was  made  on  it. 
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Fmally,  the  five  monkeys  of  group  III  were  also  kept  at  the  same 
mildly  cold  temperature  and  in  the  same  condition,  but  received  daily 
also  per  oz.,  325  mg.  of  ascorbic  acid. 

Acclimatization  to  cold  was  estimated  by  comparing  the  respective 
capacities  of  the  different  groups  pre-exposed  to  the  mildly  cold  en¬ 
vironment  to  resist  to  an  acute  exposure  of  two  hours  at  —20°  C., 
as  compared  to  the  resistance  of  the  control  group,  the  subjects  being 
completely  at  rest  during  such  an  exposure.  The  degree  of  resistance 
to  that  intense  cold  temperature  was  estimated  by  the  ability  of  the 
different  groups  to  maintain  their  rectal  and  intramuscular  tempera- 
ures  during  exposures,  the  temperatures  being  measured  with  ther¬ 
mocouples. 

The  monkeys  were  immobilized  in  wooden  boxes  of  the  type  illus¬ 
trated,  and  their  fingers  and  toes  covered  with  mittens  to  prevent 
frostbite.  The  tails,  though,  were  uncovered  (Figure  4). 

The  results  are  found  in  the  next  three  tables.  The  first  one  (Table 
3)  shows  the  average  fall  in  rectal  and  intramuscular  temperatures 
for  each  group.  The  differences  between  group  I,  maintained  at  room 
temperature,  and  group  II,  maintained  at  10°  C.,  both  receiving  daily 
25  mg.  of  ascorbic  acid,  are  small  and  not  significant,  whereas  the 
performance  of  group  III,  maintained  like  group  II  at  10°  C.  but 
receiving  daily  325  mg.  of  ascorbic  acid  is  much  better  than  the  two 
other  groups,  with  results  highly  significant. 


p igure  3 

Excretion  of  ascorbic  acid  in  guinea  pigs,  receiving  5  mg./day  ascorbic  ““  before 
and  after  exposure  to  cold.  Note  the  increase  in  ascorbic  acid  excretion  dunng 
the  first  days  of  exposure  to  cold,  and  then  the  decrease  below  the  level  found  at 

room  temperature. 

[This  chart  appeared  originally  in  Rev.  Cav.  Biol.,  8,  248-256  (1949).] 
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TABLE  8 

Incidence  of  Frostbite  in  the  Four  Groups  of  Monkeys,  when  Exposed  for  Two  Hours  at 
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Percen* .  40%  35.7%  35.4%  3.6% 


Figure  4. 

Set-up  used  to  study  heat  resistance  and  acclimatization  in  monkeys. 

The  next  two  tables  (Tables  4  and  5)  show  that  the  results  are 
the  same,  and  even  more  convincing,  if  the  effects  of  the  two  different 
doses  of  ascorbic  acid  are  compared  on  the  same  individuals  (P). 

Effects  of  large  doses  of  ascorbic  acid  for  the  resistance  to  cold 
of  monkeys  kept  at  room  temperature  have  also  been  studied :  there 
is  still  an  effect  as  far  as  rectal  temperatures  are  concerned  (Table  6) , 
but  much  less  pronounced  than  the  one  described  when  the  325  mg. 
group  was  pre-exposed  to  cold ;  moreover,  the  difference  between  the 
two  groups  is  not  significant  as  far  as  the  fall  in  intramuscular  tem¬ 
peratures  is  concerned  (Table  7).  We  have  also  compiled  the  incidence 
of  frostbite  in  the  four  groups  (10)  and  found  that  the  high  ascorbic 
acid  group  pre-exposed  to  cold  was  by  far  the  less  affected  one  as  far 

as  cold  injury  was  concerned  (Table  8). 

Hence,  (a)  monkeys  (Rhesus  macacus)  pre-exposed  to  mild  cold 

(10°  C.)  during  six  months  and  receiving  daily  25  mg.  of  ascorbic 
acid  do  not  resist  intense  cold  better  than  the  controls  kept  at  room 
temperature  and  receiving  daily  the  same  amount  of  vitamin  C. 

On  the  contrary,  (b)  monkeys  pre-exposed  to  the  same  mild  cold 
environment  for  the  same  period  but  receiving  at  the  same  time  daily 
325  mg.  of  ascorbic  acid  are  far  better  resistant  to  intense  cold 
than  (a)  the  controls  kept  at  room  temperature,  and  (b)  the  other 

80 


group  also  pre-exposed  to  cold  but  receiving  daily  only  25  mg.  of 
ascorbic  acid.  Resistance  to  cold  was  estimated  by  the  ability  of  the 
different  groups  or  individuals  to  maintain  their  rectal  and  intra¬ 
muscular  temperatures  and  to  avoid  frostbite  when  exposed  suddenly 
at  -20°  C. 

It  seems,  also,  from  the  results  obtained  on  monkeys  not  pre¬ 
exposed  to  cold,  that  the  increase  in  resistance  to  cold  due  to  the 
ascorbic  acid  is  much  more  pronounced  in  subjects  alreadys  pre-ex¬ 
posed  to  cold,  at  least  for  those  animals  not  able  to  synthesize  ascorbic 
acid. 
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stress  were  studied  (5).  Figure  1  shows  the  effects  of  a  daily  intake 
of  0.1  mg.  and  4.0  mg.  of  calcium  pantothenate  and  of  5  meg.  of 
vitamin  Bj2  for  six  weeks  on  the  capacity  of  intact  and  adrenalecto- 
mized  rats  to  sustain  swimming  in  water  of  18°  C.  The  high  intake 
of  calcium  pantothenate  practically  doubled  the  ability  of  the  intact 
rats  to  sustain  swimming.  Similarly,  the  adrenalectomized  rats  on 
the  high  pantothenate  diet  were  able  to  swim  for  a  significantly 
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Figure  1. 

Effect  of  pantothenate  and  vit.  B,:  in  the  ability  of  intact  and  adrenalectomized  rats 

to  swim  in  water  of  18°  C. 

longer  period  of  time  than  adrenalectomized  rats  on  a  normal  diet. 
Vitamin  B12  administered  orally  had  no  effect.  Since  these  experi¬ 
ments  were  done,  a  considerable  amount  of  data  has  appeared  which 
indicate  that  vitamin  B12  is  poorly  absorbed  from  the  intestine  U,  5) 
so  that  these  results  with  the  oral  administration  are  not  indicative  of 
the  effects  of  vitamin  B,2. 

Figure  2  shows  the  white  blood  cell  response  in  intact  and  adrenal- 
ectomized  rats  subjected  to  a  25-minute  swim  in  water  of  25  C. 
The  animals  received  diets  containing  either  0.1  mg.  or  4.0  mg.  of 
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Figure  2. 

The  effect  of  pantothenate  on  the  white  bloo<l  cell  response. 
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nantothenate.  Following  stress,  there  was  a  fall  in  the  total  number 
of  white  blood  cells  and  lymphocytes  in  the  intact  rats  on  a  norma 
pantothenate  intake.  This  was  somewhat  modified  m  intact  rats  on  a 
high  pantothenate  intake  and  you  will  note  on  the  diet  deficien 
in  pantothenate  there  is  practically  no  change  in  the  number  of  either 
the  white  blood  cells  or  the  lymphocytes  following  the  stress.  1  he 
results  on  the  white  blood  cell  response  in  pantothenate  deficiency 
were  confirmed  by  Krehl  (6).  The  adrenalectomized  rats  were  studied 
four  days  after  adrenalectomy.  The  initial  white  blood  cell  count  is 
much  higher  in  the  adrenalectomized  rat,  which  is  quite  typical  (7). 
Following  the  stress  the  adrenalectomized  animals  on  the  normal  and 
high  pantothenate  diets  showed  some  elevation  in  the  number  of  white 
blood  cells  but  very  little  change  in  the  number  of  lymphocytes.  In 
the  adrenalectomized  rats  on  the  deficient  diet,  there  was  practically 
no  change  in  the  number  of  lymphocytes  or  white  blood  cells. 

In  view  of  the  fact  that  cholesterol  is  the  precursor  of  the  adrenal 
steroid  hormones  (8,  9)  and  as  both  ACTH  and  stress  cause  a  fall  in 
the  adrenal  cholesterol  concentration  (10,  11),  we  determined  the 
adrenal  cholesterol  concentration  in  female  rats  fed  the  normal  and 
high  pantothenate  diets  for  50  days  and  in  rats  fed  the  pantothenate 
deficient  diet  for  35  days.  The  results  are  shown  in  Figure  3.  On 
the  normal  diet  containing  0.1  mg.  of  pantothenate  per  10  g.  of  diet, 
the  adrenal  cholesterol  content  averaged  6g%.  On  the  pantothenate 
deficient  diet,  the  mean  cholesterol  content  was  4.2 g%.  In  the  rats 
maintained  on  a  high  pantothenate  diet,  the  average  adrenal  choleste¬ 
rol  content  was  increased  to  7.2g%.  The  decreased  adrenal  cholesterol 
concentration  as  a  result  of  a  diet  deficient  in  pantothenate  has  been 
reported  by  other  investigators  (6,  12).  The  increase  in  adrenal  cho¬ 
lesterol  concentration  in  the  rats  on  the  high  pantothenate  diet  sug¬ 
gests  that  this  diet  may  influence  cholesterol  concentration  although 
there  was  considerable  variation  among  the  animals. 

We  then  proceeded  with  studies  on  human  subjects.  The  stress 
consisted  of  immersion  in  water  of  9°  C.  for  eight  minutes.  Each  sub¬ 
ject  was  stressed  before  and  again  six  weeks  after  therapy.  Blood 
and  urine  samples  were  taken  before  the  stress,  immediately  after 
and  at  one,  two,  and  four  hours  after.  The  following  determinations 
were  done  on  the  blood  samples :  the  total  white  count,  neutrophiles 
and  lymphQcytes  (by  the  usual  method),  eosinophiles  (by  the  Ran¬ 
dolph  method)  (13)  ;  serum  sodium  and  plasma  potassium  (on  a 
ame  photometer  with  an  internal  standard)  ;  serum  chloride  (bv 

(Hmo°wt  W  r.lrSendr°rS  Tth0d)  (U)-'  t0tal  -rum  protein 
Nelson’s  modifier  r  q  ^rfvimetrically)  ;  whole  blood  sugar 

Lid  (Barker  °f  Sor?°gy*  slmethod>  U6)  ;  whole  blood  lactic 

add  method  /v"  h°d)  (17)  ’  whole  blood  ascorbic 

-f£r! ss  km  sssra  “piij" 
auatueueft  sra-ass 
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(Folin’s  method)  (21)  were  determined.  The  excretion  of  the  17- 
ketosteroids  and  corticosteroids  was  also  determined. 

The  subjects,  except  in  five  cases,  were  members  of  the  student 
body  at  New  York  University  College  of  Medicine.  They  kept  a  daily 
record  of  their  diets  during  the  six-week  period  between  the  initial 
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White  blood  cells,  neutrophilcs  and  ljm.ph.cyte. cin  norma,  male  subjects  following 
immersion  for  eight  minutes  .n  water  of  9  C-  before  and  alter 
therapy  with  calcium  pantothenate  (10  g.  (la  y). 
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stress  and  post-therapy  stress.  During  the  six  weeks  of  therapy  they 
received  daily  supplements  of  either  calcium  pantothenate  (.10  g.) 
or  vitamin  B12 120  meg.)  by  mouth.  This  year  we  are  investigating  the 
effect  of  the  combined  fractions  of  the  vitamin  B  complex  plus  ascor¬ 
bic  acid  on  this  reaction  to'stress. 

Effects  of  the  stress  in  21  subjects  prior  to  therapy  have  been 
reported  (22)  and  we  found  that  following  the  immersion  in  cold 
water  there  was  a  decrease  in  temperature  (immediate,  one,  and 
two  hours)  ;  an  immediate  increase  in  systolic  and  diastolic  blood 
pressures  followed  by  a  decrease  at  two  hours ;  a  decrease  in  the  heart 
rate  (one,  two,  and  four  hours)  ;  a  decrease  in  lymphocytes  (two 
hours)  ;  a  decrease  in  eosinophiles  (two  and  four  hours)  ;  a  decrease 
in  serum  chloride  concentration  (immediate,  one,  and  two  hours)  ;  an 
increase  in  total  protein  concentration  (immediate,  one,  and  four 
hours)  ;  a  decrease  in  serum  water  concentration  (immediate  and 
two  hours)  and  an  increase  in  total  cholesterol  concentration  (imme¬ 
diate  and  four  hours),  associated  with  an  increase  in  the  level  of 
cholesterol  esters  and  free  cholesterol  (immediate). 


A  total  of  13  subjects  was  stressed  following  six  weeks  of  therapy 
with  calcium  pantothenate  and  12  subjects  following  vitamin  B]2 
therapy.  The  figures  give  the  means  of  the  absolute  values  on  these 
subjects  before  and  after  therapy.  The  results  before  and  after  ther¬ 
apy  were  tested  for  significance  of  differences  by  analysis  of  variance. 
Because  of  the  limitations  of  time,  I  am  reporting  only  the  significant 
changes  that  occurred  following  therapy. 


Following  the  six  weeks’  therapy  with  calcium  pantothenate  there 
was  significantly  less  variation  in  the  number  of  white  blood  cells 
neutrophiles  and  lymphocytes  (Figure  4)  from  the  pre-stress  level! 
une  of  the  striking  changes  was  in  the  eosinophiles  (Figure  5)  The 
eosmopema  was  much  less  pronounced  and  the  initial  counts' were 
higher  after  pantothenate  therapy.  This  was  in  distinct  contrast  to 

5  IwTf?  aft6«  the  °ral  adm*™tration  of  vitamin  B,  (Figure 

f,  '  "h!,Ch,,dl‘l  IK't  affect  the  eosinophile  response.  As  a  matter  of 'fact 
the  oi al  administration  of  vitamin  B,,  had  very  little  if  anv  pffect  nr, 

estaSed  ^“at8^88’  ^  f * T  WOrk  of  othe/investigators  iufnow 
tine  (4,  5).  *  the  vltamin  B'2  ls  P°orly  absorbed  from  the  intes- 
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peated  at  intervals  of  three  fn.,r  a  subJects,  the  stress  was  r 
tion  of  pantothenate  and  one  suhiort  Ve  mofths  fobowing  the  cessj 
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Figure  5. 

The  eosinophile  response  before  and  after  six  weeks  of  therapy  with  calcium 
pantothenate  or  vitamin  BlL,  (orally)  following  the  cold  water  stress. 
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Figure  6. 

Whole  blood  ascorbic  'acid  before  and  after  cold  water  stress  following  six  weeks 
of  therapy  with  calcium  pantothenate  or  vitamin  Bl2  (orally). 
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to  the  level  observed  prior  to  therapy.  Apparently  the  high  panto¬ 
thenate  intake  for  the  six  weeks  of  therapy  had  a  prolonged  influence 

on  the  whole  blood  ascorbic  acid  level. 

In  the  urine,  pantothenate  had  no  effect  on  the  minute  volume, 
which  was  increased  after  the  stress.  The  excretion  of  ascorbic  acid, 
however,  was  increased  following  pantothenate  therapy  and  this  is 
consistent  with  the  findings  of  the  higher  blood  levels  of  ascorbic 
acid.  The  uric  acid/creatinine  ratio  was  significantly  lower  during 
the  first  two  hours  after  the  stress  following  pantothenate  therapy  as 
compared  to  before  therapy  (Figure  7)  and  again  this  did  not  occur 
following  therapy  with  vitamin  Bj2. 

DATA  ON  URINE  SAMPLES 
,  ASCORBIC  ACID 
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of  therapy  with  calcium  pantothenate. 
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This  short  period  of  immersion  in  cold  water  did  not  affect  the 
excretion  of  the  17-ketosteroids  or  corticosteroids  to  any  great  extent 
The  data  on  11  of  the  subjects  is  summarized  in  Figure  8  and  is 
repoi  ted  as  the  per  cent  change  of  the  post-stress  from  the  pre-stress 
excretion.  In  this  figure  38%  of  the  subjects  showed  less  of  a  rise  in 
the  17-ketosteroids  and  33%  less  of  a  rise  in  cortocosteroids  after 
calcium  pantothenate  therapy  as  compared  to  before  therapy.  How¬ 
ever,  the  variations  are  such  that  one  would  hesitate  to  draw  any 
conclusion. 

It  is  interesting  to  speculate  on  the  reason  for  the  influence  of 
pantothenate  on  the  reaction  to  stress.  Pantothenic  acid  constitutes 
part  of  coenzyme  A  and,  as  such,  participates  in  the  tricorboxylic  acid 
(Krebs)  cycle,  a  series  of  reactions  by  which  both  carbohydrate  and 
fatty  acids  are  believed  to  be  oxidized.  The  role  of  coenzyme  A  in 
the  tricarboxylic  acid  cycle  has  recently  been  clarified  by  Ochoa  and 
his  associates  ( 23 )  and  is  summarized  in  Figure  9.  Acetyl-CoA  par¬ 
ticipates  as  an  intermediary  in  the  formation  of  citrate  from  either 
acetate  or  pyruvate  and,  as  such,  plays  an  essential  part  in  the  oxida¬ 
tive  metabolism  of  both  carbohydrate  and  fatty  acids.  Consequently, 
pantothenic  acid  plays  an  essential  part  in  one  of  the  key  reactions 
of  the  oxidative  metabolism  of  cells.  Therefore  it  does  not  seem 
unreasonable  to  propose  that  the  amount  of  pantothenate  available  to 
the  tissue  cells  might  influence  their  reactions  to  stress.  If  an  in¬ 
creased  supply  of  pantothenate  can  facilitate  the  production  of  coen¬ 
zyme  A  by  the  cells,  the  dependence  of  stressed  cells  on  stimulation 
by  the  adrenocortical  hormones  might  be  decreased,  and  consequently 
a  given  stress  stimulus  might  evoke  a  less  intense  response  by  the 
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Figure  8. 

17-Ketosteroid  and  corticosteroid  excretion. 
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adrenal  cortex.  Considering  the  data  from  this  frankly  speculative 
point  of  view,  the  increased  level  of  ascorbic  acid  in  the  blood,  t 
decreased  fall  in  the  eosinophiles  and  the  decrease  in  the  uric 
acid/creatinine  ratio  observed  in  the  subjects  after  stress  following 
pantothenate  therapy  may  reflect  less  increase  in  the  output  of  the 
adrenal  cortical  hormones,  due  to  a  greater  intrinsic  capacity  of  the 

cells  to  respond  to  stress.  .  ,  ,  T  u 

Further  experimental  proof  is  obviously  required,  but  I  believe 

that  the  ability  of  the  organism  to  withstand  stress  depends  in  part 
on  the  metabolic  situation  in  the  cells,  and  that  this  can  be  influenced 
bv  nuritional  factors. 


TRICARBOXYLIC  ACID  CYCLE 
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0  ,  ..  Figure  9. 

Schematic  representation  the  tricarboxylic  acid  cycle  indicating  the  role  „ 

pantothenic  acid  in  the  cycle. 
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The  classical  approach  in  studies  ( 1 — 6)  on  protein  utilization 
centers  around  the  measurement  of  either  growth  rates  of  young  ani¬ 
mals  or  on  nitrogen  balance.  The  protein  requirement  for  growth  is 
considered  to  be  met  if  the  rate  of  body  weight  increase  is  good ;  and 
a  protein  is  regarded  as  adequate,  in  balance  studies,  if  the  test  sub¬ 
jects  are  kept  in  balance.  As  a  corollary,  a  protein  is  evaluated  as  of 
high  quality  if  it  performs  these  functions;  and  inadequate,  if  it  fails 
in  either.  The  nutritive  quality  of  a  protein  is  generally  believed  to 
be  chiefly,  if  not  solely,  dependent  on  its  content  of  essential  amino 
acids.  Additional  information  has  recently  been  accumulated  to  indi¬ 
cate  that  dietary  proteins  may  play  a  role  in  tissue  protein  synthesis 
beyond  that  of  a  source  of  essential  and  nonessential  amino  acids. 
Two  experiments  in  support  of  this  hypothesis  are  given  for  illus¬ 
tration  : 


In  one  study  (7,8)  feeding  casein  or  an  enzymic  hydrolysate  of  it 
per  se,  to  protein  depleted  dogs  resulted  in  the  regeneration  of  serum 
albumin  and  globulins,  whereas,  oral  administration  of  lactalbumin  or 
an  enzymic  hydrolysate  of  it  brought  about  the  production  of  serum 
albumin  alone.  However,  if  a  minute  amount  of  a  fraction  isolated 
from  the  casein  hydrolysate  by  alcohol  fractionation  were  added  to 
the  lactalbumin  digest,  then  regeneration  of  serum  globulins  was 
observed.  These  facts  suggest  that  the  synthesis  of  tissue  proteins  is 
dictated  not  only  by  the  intake  of  amino  acids  alone,  but  by  some 
unknown  nutritional  factor  in  the  dietary  preparation,  since  both 
proteins  are  universally  found  to  be  adequate  by  the  usual  criteria  of 
growth  and  maintenance  of  nitrogen  balance. 

f.HIHn;»r0the.r  StUdyJ£’i0)  28  day'oId  weanli"K  female  rats  were 
tS  C?nt^™ng  different  dietary  proteins  such  as  meat,  casein, 

for  ^  protein  levels‘  The  growth  rates,  except 

i  the  animals  fed  wheat,  were  essentially  the  same.  The  nlasma 
cliohnesterase  content,  determined  by  the  method  of  Ammon  (11) 

The  r  n  ^  wei»ht  after  150  days  of  feeding  are  given  in  Table  1 
The  results  demonstrate  clearly  that  the  mean  body  weight  and  the 

S^Sxi^SSSSrt 

sanly  reflect  the  nutritional  status  of  the  te^nlals  so  far  aTtt 
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centration  of  at  least  one  enzyme  is  concerned,  and  (b)  dietary 
proteins,  besides  being  a  source  of  essential  amino  acids  for  growth 
and  nitrogen  balance,  play  a  role  in  the  synthesis  of  enzyme.  Collat¬ 
eral  studies  to  ascertain  whether  plasma  concentrations  of  other 
enzymes  were  similarly  higher  in  rats  fed  beef  muscle  than  in  those 
fed  casein  failed  to  establish  any  significant  differences. 


TABLE  1 

Cholinesterase  Acitivity  of  Female  Rats 


Diets 

Total  gain 
in  body  weight  * 

Cholinesterase  activity  RS 
units/0.3  cc.  serab 

Wheat  gluten . 

75  ±3.6 

161  ±7.5 

165  ±6.2 

170  ±  4  .2 

0.60  ±0.4 

1 .18  ±  .11 

1 .31  ±  .07 

1 .88  ±  .07 

Soybean . 

Casein . 

Beef  muscle .... 

a  Grams  after  150  days  of  feeding. 
b  Mean  of  ten  animals. 


Categorically,  these  preliminary  data  indicate  that  a  particular 
dietary  protein  stimulated  the  production  of  one  enzyme  but  not 
necessarily  others.  In  brief,  it  may  be  concluded  that  dietary  regimen 
can  influence  the  compositions  of  our  bodies  in  terms  of  minute  but 
physiologically  important  components,  such  as  enzymes  and  plasma 
protein  fractions.  This  was  demonstrated  with  two  species  of  ani¬ 
mals;  namely,  the  protein-depleted  dogs  or  the  growing  rats.  Such 
minute  differences,  not  detectable  by  the  classical  measurements,  may 
have  a  number  of  important  physiological  implications.  A  few  ex¬ 
periments  to  illustrate  these  concepts  with  special  reference  to  en¬ 
zyme-stress  relationships  will  be  described.  The  conditions  of  stress 
applied  in  this  series  of  investigations  are  limited  to  (a)  changes  in 
environmental  temperature,  (b)  the  injection  of  a  stress  agent  such 
as  cortisone,  and  (c)  starvation.  The  effects  of  these  stresses  on 
nitrogen  excretion  and  changes  in  concentration  of  enzymes  in  differ¬ 
ent  tissues  were  observed. 

Effect  of  Temperature  Changes  in  Nitrogen  Excretion.  Twelve 
healthy  adult  male  rats  weighing  between  280-350  g.  were  kept  in 
individual  metabolism  cages  at  room  temperature.  They  were  offered 
daily  a  ten-gram  ration  of  a  protein-free  diet  consisting  of  sucrose, 
84%  ;  Mazola  oil,  12%  ;  Salt  Mixture  IV,  4%  ;  and  the  usual  vitamin 
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supplements  (12).  The  caloric  density  of  such  a  dietary  was  ap¬ 
proximately  4.4  cal.  per  g. ;  thus  the  total  caloric  intake  was  44  cal. 
per  animal.  Nitrogen  excretion  of  each  individual  rat  was  measured 
during  six  consecutive  four-day  periods,  while  the  animals  were  kept 
at  room  temperature  (22-25°  C.).  During  the  first  three  periods  of 
protein-free  feeding,  nitrogen  excretion  dropped  from  60  to  26  mg. 
per  100  g.  body  weight  per  day ;  leveling  off  to  20,  18,  and  18  during  the 
following  three  periods.  At  this  time  the  animals  were  divided  ran¬ 
domly  into  two  groups  of  six  each.  Those  in  the  first  group  (A)  were 
kept  in  a  cold  room  maintained  at  approximately  2°  C.  and  those  in  the 
second  group  (B)  were  kept  in  an  incubator  at  37°  C.  The  nitrogen 
excretions  of  both  groups  of  animals  were  again  measured  during  suc¬ 
cessive  periods  while  their  caloric  intake  remained  at  44  cal.  per  rat 
per  day.  After  three  periods  of  observation,  four  rats  in  group  A 
and  five  rats  in  group  B  survived.  The  surviving  animals  were 
brought  back  to  a  room  temperature  environment  for  further  meas¬ 
urements  of  urinary  nitrogen  output,  still  at  constant  caloric  intake. 
The  results  are  summarized  in  Table  2.  They  demonstrate  that  lower¬ 
ing  or  raising  environmental  temperature  from  ambient  resulted  in 
an  immediate  and  marked  increase  of  about  twofold  in  the  output  of 


TABLE  2 


The  Effect  of  Temperature  on  the  Excretion  of  Urinary  Nitrogen 


Period  number 


Urinary  nitrogen 
mg./lOO  g.  body  weight 


Control  period 


lc 

2 

3 

4 

5 

6 


60 


26 

20 

18 

18 


Temperature  stress 


7 

8 
9 


2°  C. 
28 
32 
36 


37°  C 
26 
29 
38 


Control  period 


10 

11 


Room  Temperature 
20  22 


20 

16 


16 


C  Each  period  was  of  four  days  duration;  periods 


were  consecutive. 


93 


stresses.  This  makes  it  likely  that  the  observed  changes  were  due 
entirely  to  changes  in  environmental  temperatures.  This  increase  in 
the  output  of  urinary  nitrogen  resulting  from  temperature  changes 
may  be  due  to  an  increase  of  caloric  requirement,  and  in  the  face  of 
limited  and  insufficient  intake,  the  animal  attempted  to  fulfill  its 
caloric  need  by  accelerating  the  destruction  of  the  tissue  proteins. 

To  throw  some  light  on  this  hypothesis,  the  relationship  between 
cold  stress  and  caloric  intake  was  studied.  Healthy  adult  rats  were 
maintained  at  room  temperature  on  a  protein-free  diet  for  approxi¬ 
mately  three  weeks  until  their  mean  nitrogen  excretion  was  approxi¬ 
mately  20  mg.  per  100  g.  body  weight  per  day.  These  animals  were 
randomly  divided  into  two  groups  (C  and  D).  Both  groups  were 
transferred  to  the  cold  room  kept  at  2°  C.,  where  they  were  offered 
a  ten-gram  ration  of  the  protein-free  diet  daily.  In  addition  the  ani¬ 
mals  in  group  D  were  given,  daily,  five  cc.  of  a  20%  fat  emulsion,  by 
stomach  tube.  Thus,  the  caloric  intake  of  animals  in  group  D  was 
higher  than  that  of  group  C  by  approximately  20%.  The  results, 
tabulated  in  Table  3,  indicate  again  an  increase  in  nitrogen  excretion. 
Since  supplementary  feeding  of  additional  calories  as  a  fat  emulsion 
did  not  reduce  the  destruction  of  the  animals’  tissue  nitrogen,  the 
problem  of  nitrogen  loss  during  cold  stress  is  more  than  just  a  matter 
of  caloric  demand. 


TABLE  3 

The  Effect  of  Caloric  Intake  on  Urinary 
Nitrogen  at  Low  Temperature 


Period 

Temperature 

Urinary  nitrogen 
mg.  100  g.  body  weight 

Id  . 

22-25° 

21 

18 

Group  C  Group  D 

29  31 

34  32 

34  36 

22-25° 

2° 

2° 

2° 

_ 

16  followed  consecutively. 


Effect  of  Cortisone  and  Dietary  Proteins  on  Enzyme  Synthesis. 
The  discussion  in  this  report  will  be  limited  to  studies  o  1  e  e 
on  a  few  enzymes.  To  this  end,  two  groups  of  five  adult  rats  each 
were  used  In  group  A,  each  rat  received,  daily,  five  mg.  of  cortisone, 
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to  be  made  would  not  reflect  differences  in  caloric  intake.  After  ten 
days  the  animals  were  sacrificed  and  the  arginase  (13)  and  amylase 
(U)  contents  of  the  livers  were  determined.  The  results  are  given 
in  Table  4.  Treatment  with  cortisone  brought  about  a  marked  de¬ 
crease  in  body  weight,  but  an  increase  in  both  the  weight  and  the  , 
total  nitrogen  of  liver.  The  arginase  activity  in  the  livers  of  the 
treated  animals  was  higher  than  that  of  the  controls  whether  ex¬ 
pressed  as  units  per  gram  or  per  organ.  On  the  other  hand,  the  injec¬ 
tion  of  cortisone  resulted  in  an  increase  in  total  amylase  activity  in 
the  liver  but  not  in  activity  per  gram  tissue. 


TABLE  4 

The  Effect  of  Cortisone  on  Enzyme  Concentrations 

(Restricted  Feeding) 


Group 

Cortisone  treated 

Control 

Body  weight: 

Start . 

326  ±  21 

330  ±  16 

Necropsy . 

291  ±  17 

367  ±  15 

Liver : 

Weight . 

16  .0  ±  1 .2 

11 .1  ±  .3 

Total  N . 

392  ±  23 

326  ±  19 

Amylase : 

u/g . 

1 .65  ±  .12 

1 .61  ±  .16 

Total  u . 

26  .4  ±  2  .0 

17.6  ±  1  .9 

Arginase : 

u/g . : . 

14.5  ±  1.1 

8 .3  ±  1 .0 

Total  amt . 

233  ±  25 

91 .4  ±  9.7 

In  a  similar  experiment,  two  groups  of  healthy  adult  rats  were 
fed  ad  libitum.  Food  intake  was  estimated;  the  injection  of  cortisone 
rapidly  reduced  the  voluntary  food  intake.  In  this  instance  it  was 
again  found  that  the  cortisone  treated  rats  had  enlarged  livers.  Also 
there  were  increases  in  both  total  amylase  and  arginase  activity. 
This  clearly  indicates  that  the  changes  in  enzyme  concentration  were 
not  due  to  insufficient  food  intake. 

In  still  another  experiment,  the  effect  of  cortisone  on  plasma  cholin¬ 
esterase  was  also  studied.  Animals  were  fed  casein-containing  diets 
with  or  witnout  liver  supplementations.  One-half  of  the  animals  in 

"(Tahlf £wwre  giVf  fiu?  mg-  0f  cortisone  daily.  It  can  be  seen 
(  able  5)  that  animals  which  received  cortisone  lost  weight  and  had 

less  plasma  cholinesterase.  Desiccated  liver  was  used  as  suDDlement 

since  Ershoff  found  it  to  be  effective  in  correcting  the  growth rSar 

tht°en  fT  f  ,C°rtiSOne  °n  young  weanli"S  rats.  HoZer  with 
content  oUr  we?ghtTss  ^  Pr6Vent  ^  deCreaSe  in  cho'inesterase 

Effect  of  Inanition  on  Enzyme  Concentration.  The  effect  of 
tion,  such  as  starvation  or  protein  deprivation  on  enzyme  acHvity,' 
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TABLE  5 

The  Effect  of  Cortisone  on  Plasma  Cholinesterase 
of  Rats  Fed  Different  Diets 


32%  Casein 

32%  Casein  +  12%  Liver 

Change  in 
body  wt.  g. 

Change  in 
serum 

cholinesterase 
R.S.  units/0.3  cc. 

Controls . 

+  7 

-  0.14 

+  7 

-  0.03 

Cortisone  treated .... 

-  19 

-  0.77 

-  15 

-  0.74 

blood  clotting  and  complement  titre  were  studied.  Our  results  like 
those  of  other  investigators  (15)  demonstrate  that  starvation  brought 
about  a  decrease  in  certain  enzymes,  such  as  cholinesterase,  phos¬ 
phatases,  and  others.  However,  inanition  did  not  bring  about  a  de¬ 
crease  in  certain  other  physiologically  important  systems,  such  as 
complement  titre  and  blood  clotting  time.  It  is  conceivable  that  dur¬ 
ing  inanition  selective  destruction  of  certain  enzyme  proteins  occurs 
readily  while  other  protein  systems,  more  essential  for  survival,  are 
maintained. 


TABLE  6 

Some  Effects  of  Starvation  or  Protein-Free  Feeding 


Animals 

Stress 

Results 

Dog ...  . 

Protein  -  free  feeding  or 
plasmapheresis. 

Starvation  or  protein -free 
feeding. 

Decrease  in  albumin  and 
globulin,  no  change  in 
alpha  globulins. 

Decrease  in  some  enzymes, 
no  change  in  clotting 
time  or  complement. 

Rat  .  . 

Discussion 

Data  described  above  demonstrate  that  under  the  stress  conditions  employed 
there  were  (a)  an  increase  in  the  destruction  of  tissue  nitrogen  upon  the  raising 
or  lowering  of  the  environmental  temperature,  (b)  changes  in  concentration  of 
certain  enzymes  in  liver  or  plasma  due  to  injection  of  cortisone,  and  (c)  a 
decrease  in  some  protein  enzymes  but  not  others  as  a  result  of  inanition.  The 
possible  importance  of  these  findings  in  terms  of  the  effect  of  dietary  regime  m 
combating  such  changes  and  in  performance  tests  will  now  be  discussed.  One 
example  will  be  given  for  the  purpose  of  illustration: 

With  reference  to  performance,  it  was  found  that  animals  fed  on  casein  or 
meat  diet  were  able  to  swim  longer  than  those  fed  on  wheat  gluten  even  thoug 
the  carcass  of  these  animals  had  approximately  the  same  specific  gravity,  bwim- 
min£  time  (16)  was  also  decreased  on  fasting.  These  facts  indicate  the  impor¬ 
tance  of  diet  on  performance.  .  .  ,,  „„„ 

The  importance  of  enzyme  systems  in  mammalian  physiology  is  well  recog- 
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1. 


2. 


nized.  It  is  therefore  reasonable  to  speculate  that  animals  whose  enzyme  contents 
vary  as  a  result  of  differences  in,  say,  diet  or  environment  may  perform  certain 
functions  with  different  degrees  of  efficiency.  Such  phenomena  as  resistance  to 
stresses,  like  the  ones  described  here,  and  still  others  to  be  investigated  such  as 
resistance  to  disease,  prolongation  of  survival  time,  and  acceleration  of  wound 
healing  are  among  the  importaftt  functions  which  might  be  influenced.  For  these 
reasons  it  should  be  worthwhile  to  obtain  additional  information  on  biochemical 
changes  in  protein  metabolism  arising  from  a  variety  of  stresses.  Assuming  that 
chronic  diseases  or  the  process  of  aging  involve  the  all-important  enzyme 
systems,  future  research  aimed  at  observation  of  alterations  in  enzyme  content 
through  stress  as  well  as  through  dietary  regime  promise  a  better  understanding 
of  nutrition  which  may  form  a  basis  for  the  rational  management  of  metabolic 
disease. 
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DISCUSSION  OF  ANIMAL  STUDIES 
B.  Under  Cold  Temperatures 


NELSON: 

Thank  you,  Dr.  Chow.  The  three  interesting  papers  just  presented  are  now 
open  for  discussion. 

MILLS: 

With  reference  to  Dr.  Dugal’s  vitamin  C  work,  I  note  that  young  guinea  pigs 
were  fed  a  vitamin-free  diet  and  then  fed  increasing  amounts  of  ascorbic  acid 
given  by  pipette  by  mouth.  The  young  guinea  pigs  in  a  69-degree  room  receiving 
no  ascorbic  acid  all  died  near  the  end  of  the  fourth  week.  Those  in  the  90-degree 
room  died  the  next  week,  just  about  a  week  later.  We  had  full  phagocyte  activity 
of  the  white  cells  at  three  mg.  a  day  which  would  fit  in  somewhat  with  the  findings 
for  a  colder  room. 

SARGENT: 


I  would  like  to  raise  one  point  about  these  studies  by  Dr.  Dugal  and  Dr.  Ralli. 
It  is  important  in  this  work  that  we  clarify  our  thinking  again  as  to  whether 
we  are  dealing  with  nutrition  or  pharmacology.  In  Dr.  Dugal’s  experiments — if 
you  translate  those  to  the  guinea  pigs — it  is  indicated  that  we  should  feed  man 
52  g.  of  ascorbic  acid,  and  on  the  basis  of  the  monkey  experiment,  on  a  70  kg. 
man  translation,  you  would  give  a  man  3,000  mg.  or  three  g.  The  British  have 
shown  that  under  normal  conditions  ten  mg.  a  day  are  adequate.  So  certainly 
these  are  pharmacological  doses  that  are  being  given,  and  I  don’t  see  how  they 
bear  on  the  problem  of  nutrition  in  relation  to  stress. 

RALLI: 


This  is  a  point  on  which  we  ought  to  begin  to  be  a  little  more  realistic.  First,  I 
would  disagree  with  the  label  pharmacological.  In  running  experiments  of  this 
type  you  are  out  to  see  what  produces  changes,  and  in  consequence  you  administer 
far  more  than  is  accepted.  I  wouldn’t  say,  for  example,  that  anybody  need  take 
ten  g.  of  calcium  pantothenate  a  day.  We  knew  that  to  be  excessive.  However,  I 
agree  that  we  don’t  know  what  the  nutritional  requirement  is,  and  I  don’t  think 
you  can  talk  about  a  “pharmalogical  effect.”  I  think  we  ought  to  recognize  that 
the  intercellular  situation  is  something  that  is  dynamic,  and  I  believe  you  can 
influence  it.  Just  as  Dr.  Chow  or  Dr.  Dugal  have  shown,  you  have  to  administer 
enough  to  see  whether  your  premise  is  right  or  wrong.  These  doses  are  quite 
beyond  the  normal  range,  but  if  anybody  can  tell  me  the  normal  requirement  I 
would  be  more  willing  to  be  a  little  more  conservative. 

SARGENT: 

We  don’t  know  the  normal  requirement.  However,  we  can’t  just  swamp  the 
enzyme  systems  to  the  point  where  we  can’t  observe  the  delicate  reaction  that  the 
enzymes  are  capable  of  under  these  stress  conditions. 


RALLI :  ,  , 

But  you  don’t  know  that  you  can  swamp  the  enzyme  systems.  We  don  t 
even  know  whether  you  can  increase  the  rapidity  of  the  action  of  enzyme  sys¬ 
tems.  In  trying  to  find  out,  we  go  to  excesses.  It  took  Dr.  Chow  and  his  group 
in  their  work  on  the  reaction  of  pantothenic  acid,  acetyl  cholate  and  the  acce  - 
eration  reactions,  a  long  while  to  study  these  things.  They  found  very 
significant  difficulties  at  unsuspected  places.  Their  most  recent  finding  on 
coenzmyme  A  is  something  that  no  one  would  have  anticipated  four  or  five 
years  ago.  We  are  in  a  process  of  learning;  we  have  to  take  a  chance. 

NEIsnT  is  true  that  we  have  to  look  upon  these  studies  as  more  or  less  expiora- 
tory?  We  are  trying  to  find  where  we  have  the  practical  problems  to  deal  with 
ancf what  can  be  done  with  them.  Does  anyone  else  wish  to  discuss  this  subject. 

First,  let  me  say  that  as  far  as  pantothenic  acid  deficiency  is  concerned, 
there  is  evidence  that  the  burning  feet  syndrome  is  (a)  attributable  to  pant  - 
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thenic  acid  deficiency  and  (b)  curable  by  the  administration  of  pantothenic  aci  . 
I  happen  to  have  had  the  opportunity  of  hearing  about  a  case  of  this  kind  from 
two  men  who  were  prisoners  of  war,  one  an  American,  the  other  an  Australian. 
It  did  not  prove  possible  to  correct  burning  feet  by  administration  of  certain  other 
fractions  of  the  B  complex,  but  it  was  possible  to  do  so  with  pantothenic  acid.  I 
don’t  say  that  lack  of  pantothenic  acid  is  necessarily  the  cause  of  the  burning 
feet  syndrome,  but  that  is  one  condition  that  may  possibly  be  involved. 

Secondly,  as  far  as  the  ascorbic  acid  requirement  is  concerned  I  would  like 
to  say  this:  It  does  vary  in  different  parts  of  the  world.  The  British  think 
ten  mg.  are  enough.  Maybe  that  is  because  they  are  so  unused  to  fruits  that 
they  have  never  taken  in  much  before.  Actually,  we  have  had  the  opportunity 
of  doing  rather  intensive  studies  on  ascorbic  acid  requirements  in  human  sub¬ 
jects  with  disease  and  normal  volunteers  at  Bellevue.  We  found  that  in  order 
to  maintain  a  blood  level  of  0.8  mg.  %  we  had  to  give  50  mg.  a  day.  Somebody 
will  say  it  is  30  mg.  But  just  as  the  protein  requirement  will  vary  with  age 
or  with  climate,  so,  I  think,  does  ascorbic  acid.  The  ascorbic  acid  requirement 
under  absolutely  normal  circumstances,  no  condition  of  stress,  is  one  situation; 
under  conditions  of  stress  you  have  another.  Under  the  latter  circumstances  you 
may  protect  the  organism  by  giving  larger  amounts.  If  you  adhere  to  the  idea 
of  the  lowest  possible  denominator  in  this  instance,  you  will  never  find  out 
whether  it  can  be  protected.  I  do  not  believe  the  small  doses  of  ascorbic  acid 
would  have  any  protective  influence. 

HORVATH: 

May  I  point  out  that  in  the  study  of  cells  it  took  us  a  long  time  before  we 
were  able  even  with  low  blood  levels  to  show  any  signs  of  fatigue.  Therefore,  I 
don’t  see  that  the  argument  can  be  held.  If  you  can  get  along  just  as  well  with 
zero  level,  why  should  it  have  to  be  put  the  other  way? 

RALLI: 

The  point  is  that  when  Dr.  Crandon  did  that  work,  it  took  him  quite  a  long 
while  to  deplete  his  white  blood  cells,  approximately  three  months.  True,  he  got 
along,  but  would  you  say  that  he  was  getting  along  as  well? 

HORVATH: 

Put  it  this  way:  It  took  longer  than  three  months,  in  fact  six  months,  before 
we  were  able  to  show  deficiency  in  the  ability  to  perform  a  certain  amount  of  work 
RALLI: 

*0U  hjve  one  measurement  there.  It  is  the  thing  Dr.  Chow  has  just  finished 
talking  about.  You  may  have  evidences  of  change.  Certainly  if  you  take,  for 
example,  the  original  work  that  was  done  by  Bessey  on  ascorbic  acid  depletion  in 
animals  you  find  that  the  adrenals  in  his  guinea  pigs  showed  changes  very  similar 

HORVATH: 

We  actually  did  that  and  there  was  no  change 
RALLI:  ‘ 

the  anTjaPs  bcapact;rrdoCwao^k  ^“oflh^  '“’t  has  t0  d° 
the  adrenal  certainly  suggesTthat  it  is  a  ^  haVe  come  °<*  about 

adrenal  metabolism— not  fn  the  production^?  hT  ^  u  important  to  normal 
taming  normal  adrenal  cortical  state  I  wouldn't  °rmon?s  but  certainly  in  main- 
argue  that  you  shouldn’t  try  tt  n  huma^  H  ^  *  °n  °ne  Case*  Wou^  you 
make  an  effort?  You  can’t  get  the  adrenal  out  S°W  y<"?  g°ing  to  tel1  ™til  you 
on  for  some  condition.  In  ?tLrwordsy0ucan  onTv?  T  *  ^  iS  bein*  °Pe»ted 
prove  that  his  performance  is  any  better  or  any  worse3  *  Certam  data  and  trY  to 
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KARK: 

We  hope  to  deal  with  ascorbic  acid  in  man  tomorrow.  First  of  all  we  saw  a 

hem  r  ^  *GUrkha  and  Indian  S0ldiers  **»*in*  the  Japanese  wl  studled 
thor?u&hly '  from  a  clinical  nutritional  point  of  view  and  from  a  biochemical 
point  of  view.  We  saw  them  in  the  field  and  we  saw  them  in  hospitals  We Tave 

soldJhem  H°Wn  at  tHe  Zer°  leVGl  °f  SGrUm  ascorbic  acid>  and  we  have  seen  white 
soldiers  under  severe  stress  in  the  tropics  with  very  low  levels  of  ascorbic  acid 
and  they  were  all  doing  pretty  well.  ’ 

RALLI: 

j1  T^Ultn-l  *Tgue  tbat  point  but  the  Japanese  got  along  fine  on  a  rice  diet 
and  I  think  it  is  very  fortunate  that  that  is  all  they  had  the  way  things  worked 

vUll 


According  to  some  data  that  were  published  on  their  exercises  prior  to  the 
war  when  they  had  an  American  observer  out  in  Japan,  he  said  they  could  do 
more  on  the  diet  they  were  getting  than  could  the  American  soldier  on  an 
infinitely  more  varied  and  satisfactory  diet. 

KARK: 


Early  in  the  war  before  we  started  to  attack  them,  the  Japanese  consumed 
a  diet  that  was  absolutely  adequate  from  the  point  of  view  of  calories  and  other 
aspects  of  nutrition.  At  that  time,  even  their  canned  rations  were  better  than 
ours.  For  example,  in  one  of  their  canned  rations  there  was  packaged  a  meat 
or  fish  item  sandwiched  between  two  different  types  of  vegetables.  Later  in  the 
war  when  they  were  cut  off  from  supplies,  they  suffered  from  severe  malnutrition 
and  we  studied  them  at  that  time  and  measured  their  deficiencies.  These  were 
related  to  B  complex  vitamins  and  not  to  ascorbic  acid. 


RALLI: 

There  is  some  variation  in  that  opinion.  Our  people  who  worked  in  the 
China-Burma-India  section  remarked  that  if  they  had  to  work  on  what  those 
men  ate  they  couldn’t  have  done  that  kind  of  work.  I  don’t  know  which  group 
of  Japanese  you  were  seeing,  but  there  is  some  variation  on  that  in  that  particular 
instance. 


BASS: 

I  have  a  question  for  Dr.  Dugal.  I  believe  you  stated  that  in  your  monkeys 
given  ascorbic  acid  you  found  somewhat  lesser  response  in  intra-muscular 
temperature. 

DUGAL: 

Yes,  that  is  true,  but  only  in  the  case  of  monkeys  not  pre-exposed  to  cold. 
BRODY: 

May  I  ask  whether  a  smaller  response  means  that  the  animal  is  better  off 
or  worse  off? 


DUGAL: 

All  I  can  is  that  the  only  group  that  could  avoid  successfully  cold  injury 
was  the  one  in  which  the  fall  in  body  temperature  was  the  least.  That  group  was 
the  one  pre-exposed  to  cold  and  receiving  the  high  ascorbic  acid  treatment.  In¬ 
cidentally,  when  I  say  high  ascorbic  acid,  I  would  like  to  say  I  don  t  advocate 
300  mg.  It  might  be  that  50  mg.  would  prove  to  have  the  same  effects. 

BRODY # 

In  our  animals  some  of  our  cows  who  had  a  coordinately  high  evaporation  rate 
and  who  were  in  great  stress  were  the  ones  which  had  the  lowest  rectal  tempera¬ 
ture  because  they  vaporized  the  most  moisture.  The  Holstein  cows,  for  example, 
reached  the  highest  rectal  temperature  first,  but  responded  least  in  their  panting. 
In  other  words,  those  that  had  the  least  response  in  panting  and  looked  least 
distressed  were  affected  most  by  the  high  temperature. 


DUCAL  • 

In  our  case  those  who  were  injured  most  were  those  who  had  the  ™or€ L^bite 
fall  in  rectal  temperature.  The  only  criterion  for  cold  injury  was  the  frostbite 
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of  the  tail.  At  the  same  time,  we  measured  the  skin  temperature.  It  was  higher 
all  the  time  during  the  exposure  to  severe  cold  in  the  group  which  was  pre¬ 
exposed  and  which  received  the  high  dosage.  This  might  explain  the  lesser  cold 
injury  in  that  group. 

BRODY: 

What  do  you  mean  by  higher?  If  it  is  higher  beyond  the  needs,  then  it  is 
not  so  good  for  them.  They  suffered  thereby. 

DUGAL: 

Apparently,  it  was  not  higher  beyond  the  needs. 

BASS: 

Studies  have  been  done  on  man,  I  understand,  possibly  by  the  Canadians,  in 
which  statistical  analyses  were  made. 

DUGAL: 

I  know  of  only  one  experiment  which  has  recently  been  done  on  men  con¬ 
tinuously  exposed  to  cold.  The  only  thing  I  can  say  is  that  there  seems  to  be 
some  beneficial  effect  of  ascorbic  acid  there.  All  the  results  of  that  research  are 
not  completely  analyzed  but  there  is  certainly  some  effect  there. 

BRODY: 

In  our  cows  the  ascorbic  acid  rose  between  80  and  about  90  and  then  declined 
thereafter. 

DUGAL: 

In  the  rats  exposed  to  heat  we  found  a  decrease  in  ascorbic  acid  content  of 
all  the  tissues. 

BRODY: 

Following  what  temperature? 

DUGAL: 

Thirty-five  degrees  Centigrade. 
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Food  Problems  in  Exploring  the  Arctic 

Sir  Hubert  Wilkins 


Food  problems  to  be  met  by  explorers  differ  widely  from  those  of 
the  Armed  Forces.  In  the  first  place  the  men  on  an  arctic  expedition 
usually  have  been  screened  and  selected  because  of  their  interest  in 
the  area  and  in  the  work  they  must  do.  They  are  generally  the  type 
of  men  who  eat  to  live  rather  than  those  who  live  to  eat.  They  are 
not  greatly  concerned  about  their  food  except  that  it  must  give  them 
the  nourishment  they  require.  They  should  be  men  who  can,  on  occa¬ 
sion,  eat  eight  meals  a  day  or  go  eight  days  without  a  meal.  If  they 
have  once  experienced  a  period  of  starvation  they  will  know  that  in 
the  past  tense  it  is  not  too  disagreeable  and  starvation  again  can  be 
tolerated  if  necessary. 

However,  when  engaging  men  for  an  expedition  it  is  advisable  to 
pay  some  attention  to  their  attitude  toward  food  and  it  is  my  habit, 
before  hiring  a  man  for  expeditionary  work,  to  take  him  out  for  a 
meal.  I  select  a  restaurant  in  which  there  will  be  an  extensive  menu. 
The  man  is  given  the  menu  and  the  degree  of  promptness  with  which 
he  selects  his  meal  and  the  selection  provides  an  excellent  criteria  in 
regard  to  many  things. 

For  expeditionary  work  you  need  a  man  who  can  readily  make  up 
his  mind  as  to  what  to  do  under  confusing  circumstances.  Then  the 
study  of  the  food  he  orders  will  provide  some  information  as  to  what 
he  will  require  in  the  way  of  clothing  for  protection.  It  is  certain  that 
there  will  be  times  when  he  will  be  unable  to  maintain  his  body  in  a 
comfortable  ambient  temperature.  The  weight  of  his  clothing  and  the 


modification  of  it  to  meet  various  activity  levels  will  subject  him  to  a 
heavy  work  load  and  on  occasion  it  will  premeditatively  be  necessary 
for  him  to  consume  more  food  than  usual,  or  food  with  a  very  high 
energy-producing  content. 

Now  fat  is  a  food  with  a  high  energy  producing  content,  and  a 
limited  indulgence  in  a  fatty  diet  will  not  seriously  harm  the  system. 

But  a  man’s  reaction  to  fat  is  not  the  only  point  to  be  considered. 
There  is  also  the  kind  of  fat  he  will  select.  Some  men  will  remove 
the  pure,  solid  fat  from  meat,  yet  they  will  thickly  butter  their  bread 
and  use  several  spoonfuls  of  sugar  in  their  coffee.  Under  urban  con¬ 
ditions  this  is  not  a  very  serious  matter,  but  in  regard  to  arctic  expe¬ 
ditions  it  is  significant.  In  the  first  place  expedition  funds  c iono >t 
permit  waste  or  extravagance.  In  the  second  place  it  is  fut 
material  which  will  later  be  discarded.  Then  there  is  the  possibili  y 


of  obtaining  fats  in  the  Arctic.  ,.  .  n 

It  is  well  known  that  animal  food  obtained  in  the  Arctic  in  all 

seasons  except  summer  is  likely  to  be  fat.  The  body  of  a  sea  , 

instance,  is  more  than  50%  fat,  or  blubber.  If  you 

men  in  the  Arctic  to  eat  blubber,  it  would  contribute  a  great  deal  ot 

the  required  energy.  But  because  of  its  nasty  sounding  name,  blubber 
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is  generally  thought  to  be  repulsive.  -  That  thought  has  been  fostered 
by  untrained  and  unskilled  observers  who  have  never  taken  the 
trouble  to  maintain  and  prepare  blubber  in  the  form  best  suited  for 
consumption. 

If  you  were  blindfolded  and  in  that  condition  were  fed  a  spoonful 
of  raw,  crushed  seal  blubber  and  then  a  spoonful  of  rich  cream,  your 
palate  would  not  recognize  any  difference.  You  might  shudder  at  the 
thought  of  eating  the  raw  fat  of  a  seal,  but  if  you  stop  to  think  of  it 
you  will  remember  that  cream,  too,  is  raw,  and  that  it  was  part  of 
an  animal  which  is  still  walking  about  in  the  field.  Perhaps  the  main 
point  to  bear  in  mind  is  that  if  a  man  in  the  Arctic  refuses  to  eat  fat 
he  will  find  himself  very  much  handicapped.  His  tendency  will  be 
to  blame  the  food  as  well  as  the  cold  for  his  discomfort.  The  ability 
to  eat  fat  is  not  the  main  consideration  when  hiring  a  man  for  arctic 
service,  but  if  the  man  has  a  liking  for  fat  you  may  be  sure  that  some 
of  the  difficulties  with  the  cold  will  be  offset. 


Men  in  the  Arctic  will  eat  more  food  than  they  will  elsewhere, 
not  only  because  of  the  environment,  but  largely  because  suitable 
clothing  for  arctic  use  has  not  yet  been  devised.  There  is  another 
point  to  be  made.  Army  men  are  not  prone — and  sometimes  are 
unable,  because  of  their  load-carrying  equipment — to  readily  adjust 
the  clothing  provided.  The  tendency  is  to  wear  clothing  suitable  for 
immobility  during  exposure,  then  fail  to  adjust  the  clothing  when 
activity  is  stepped  up. 


A  man  s  attitude  towards  food  may  indicate  the  area  and  the  cir- 
circumstances  under  which  he  grew  up.  His  attitude  may,  of  course,  de¬ 
pend  partly  upon  his  ethnic  type  and  the  state  of  his  parents’  finances 
when  he  was  a  boy.  It  is  well  known  that  the  poor  often  spend  more 
money  on  food  than  do  the  rich.  The  rich  man’s  meal  may  cost  more 
because  of  its  exclusive  quality  and  the  things  that  go  with  it,  but 
basically  the  poor  man’s  food  may  have  a  higher  caloric  value  It  is 
however,  likely  to  be  somewhat  restricted  in  kind  and  flavor 

On  exploring  expeditions  it  has  been  found  that  men  brought  up 

oUfnfeor„dryirCUmStanCeS’  With  habitual  restriction  in  the  sefection 
of  foods,  often  prove  to  be  the  most  difficult  to  satisfy  se,ectlon 

a  V6SSel  which  bad 

pa^ice^irffi  abandonedlby^he'rnnr  6SS^  be^n  cau'ght  in°the  arctic 
t^man^the  vessel thMost^of  JlT 

limited  experience  and  I  tLuZ  limited  means  and 

the  food  the  millionaires  had  provided  Ry  7°^  be  delighted  with 
they  came  to  me  with  a  serious*  comnlaint  B  tu*  wa?  not  >ong  before 
eat  the  hors  d'oeuvre  oyster  nattip«  saic^  ^ey  w°uld  not 

things  the  French  chef  prepared  WhatT  PUffS’  P3Stries  and  a“h 
beef  stew  with  plenty  of  "potatoes.  What  th6y  Wanted  was  g00d  P|a''n 
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They  also  objected  to  the  pemmican  I  had  provided  for  emer¬ 
gencies.  True  pemmican  is,  of  course,  simply  a  mass  of  dried  lean 
meat  and  fat,  in  proportions  which  vary  according  to  the  experience 
of  the  designer.  All  that  need  be  said  here  about  pemmican  is  that, 
in  bulk  and  caloric  content,  it  is  the  most  economic  food  an  explorer 
can  carry.  When  properly  prepared,  it  is  suitable  for  breakfast, 
lunch  or  dinner,  and  although  it  might  be  regarded  as  a  monotonous 
diet,  monotony  of  diet  is  not  a  matter  which  seriously  troubles  the 
type  of  man  who  is  selected  for  an  expedition. 


In  any  case,  a  tolerance  of  food  monotony  can  be  acquired  by 
most  men  if  they  will  undergo  disciplined  training.  Some  men,  as  a 
matter  of  convenience,  have  lived  on  a  simple,  restricted  diet  for 
many  years.  You  might  remember  the  story  about  the  old  fellow 
who  had  lived  in  Alaska  on  beans  and  bacon  for  20  years.  Then  he 
came  to  Seattle,  ordered  a  large  plate  of  beans  and  bacon,  looked  at 
it  for  awhile  and  said  “beans  and  bacon,  you  have  stood  by  me  for  20 
years,  now  stand  by  and  watch  me  eat  a  good  meal.” 

Indoctrination  in  the  acceptance  of  food  must  be  maintained  over 
a  comparatively  long  period  if  it  is  to  be  successful.  If  you  put  a 
young  man  on  a  very  restricted  diet  for  a  period  of  three  weeks,  let 
him  off  for  a  week  of  delving  into  what  he  might  consider  the  height 
of  food  luxury,  then  put  him  back  on  the  restricted  diet  for  another 
three  weeks,  then  another  interval  of  freedom  of  choice,  he  will  return 
to  the  diet  he  at  first  thought  to  be  monotonous  and  be  satisfied  with 
it  at  any  time  when  circumstances  indicate  that  such  limited  provision 
of  food  is  necessary. 


If  we  had  universal  military  training,  such  indoctrination  could  be 
introduced.  Training  in  food  acceptance  is  as  necessary  as  training 
in  the  attitude  toward  all  other  phases  of  war,  and  a  habit  estab¬ 
lished  in  youth  will  remain  throughout  life.  Nutritionists  today 
know  much  about  the  requirements  of  men  under  each  given  circum¬ 
stance,  and  the  Army  could  provide  simple  but  adequate  nutrition 
packaged  in  a  manner  which  would  largely  solve  the  logistic  prob¬ 
lems  of  the  Quartermaster  Corps.  Such  a  package  might  not  be 
ideal  for  every  circumstance,  but  it  would  serve  for  a  temporary  con¬ 
dition  such  as  intermittent  combat  activity. 

A  great  deal  of  the  adverse  psychological  attitude  toward  Army 
foods  could  be  overcome  if  the  Government  would  produce  an  adequate, 
but  simple  combat  ration  compounded  and  packaged  so  that  it  could  be 
sold  to  the  public  and  introduced  as  an  ordinary  commodity  in  the 
homes  of  the  people.  In  that  manner  the  boys  could  be  already  in¬ 
doctrinated  in  respect  to  combat  rations  before  they  entered  the 

Service 

To  provide  such  a  ration  for  Boy  Scouts  on  their  outings  would  be 
of  some  value,  but  would  not  be  as  profitable  as  the  introduction  of 
the  item  into  the  home.  If  used  mainly  for  outings  it  wouldbelocAed 
upon  as  a  special  “picnic”  item,  but  if  it  became  a  well-liked  common 
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food  in  the  home,  men  using  it  in  the  front  line  likely  would  not 

complain.  _  ,  .  . 

As  an  example  of  what  I  mean  I  might  say  that  during  a  food  trial 
in  which  men  were  permitted  to  select  their  food,  hot  dogs  and  ham¬ 
burgers  were  highly  favored.  That  does  not  mean  that  hot  dogs  and 
hamburgers  are  ideal  as  a  combat  ration,  but  something  more  adequate 
could,  in  time,  be  brought  to  the  same  degree  of  popularity. 

Untrained  men  differ  so  much  in  their  attitude  toward  food  that 
it  is  almost  impossible,  by  the  same  general  arrangement,  to  suit  their 
tastes.  They  must  be  indoctrinated,  not  only  in  regard  to  the  food  they 
will  receive,  but  in  regard  to  proper  behavior  in  the  physical  and 
psychological  environment  they  will  experience.  It  seems  to  me  that 
training  in  the  acceptance  of  a  few  adequate  foods  would  be  less 
expensive  and  more  conducive  to  front  line  efficiency  than  pampering 
men  with  a  great  variety  of  foods.  In  combat  men  must  face  many 
unaccustomed  conditions,  many  of  which  are  much  more  of  an  affront 
to  their  taste,  smell,  sight,  and  feel  than  would  be  a  simple  ration 
adequate  in  provision  for  the  physiological  requirements. 

The  experience  of  expedition  men  engaged  in  actual  field  opera¬ 
tions  is  not  very  different  from  the  experience  of  soldiers  in  combat 
except  at  the  exact  moment  of  firing  their  weapons  or  being  fired 
upon  by  the  enemy.  Under  such  peak  conditions,  however,  the  concern 
about  food  is  not  very  great.  Men  under  high  emotional  stress 
usually  do  not  feel  like  eating  and  if  they  do  eat,  their  food  may  not 
readily  be  digested. 


Foods  may  be  divided  into  several  different  classes,  among  which 
are  foods  that  are  quickly  digested  and  those  which  are  slow  to  digest 
—in  other  words,  foods  which  “stay  with  you.”  Then  there  are  foods 
with  little  bulk,  but  of  high  caloric  content,  and  those  with  a  con¬ 
siderable  amount  of  roughage,  or  bulk. 

On  an  arctic  expedition  when  the  men  must  work  with  dog  sleds 
and  help  pull  the  sleds,  and  when  they  are  not  exclusively  using  pem- 
mican,  a  successful  method  of  feeding  was  to  have  for  breakfast  a 

^thSm?nfeal/UCh  ES  oh°Le  °atS’  °r  crushed  whole  wheat  richly  mixed 
nrni  lk  ^  SU?ar‘  Such  a  meal  ls  Quickly  digested  and  immediately 
provides  energy  for  the  labor  to  be  performed.  Thus  the  enpro-v 

depleted***  fr°m  th®  effeCt  °f  the  heavier  evening  meal  was  not  rapidly 


For  lunch  it  was  customary  to  munch  on  a  rich  fof+vr  j  v 

in  some  measure  for  the  energy  required  for  ^  ^  t?!*0  Pr°vid 
the  end  of  the  day  to  be  mnrp^riiof Q  •  A.r  a  task  whlch  seems  s 

up  th:‘“  -p  -  se 

Of  the  heavier  foods  such  as  pemmican,  orleLesnandVacobn.UnCritiCi 
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During  the  comparatively  calm  psychological  period  when  the 
men  could  lie  in  their  sleeping  bags  and  discuss  the  day’s  events  and 
plans  for  the  morrow,  the  heavy  food  would  be  used  to  advantage, 
and  partly  because  of  its  long  period  of  digestion,  it  would  keep  the 
men  warm  and  comfortable  throughout  most  of  the  night. 

However,  a  certain  amount  of  bulk  in  the  stomach  seems  to  be 
necessary  for  the  comfort  of  men  doing  heavy  work.  The  amount  will 
depend  of  course  upon  the  accustomed  use  of  the  stomach.  If  the 
stomach  has  been  accustomed  to  a  bulky  diet  it  will  take  several 
days  to  shrink  and  to  be  comfortable  when  served  with  a  diet  re¬ 
stricted  in  bulk.  If  men  are  not  well  fed  in  the  Arctic — which  is  not 
to  say  overfed — they  become  inefficient  in  the  execution  of  their 
tasks  and  their  morale  gets  low,  but  whether  low  morale  is  more  due 
to  the  kind  of  feeding  than  the  lack  of  opportunity  for  balanced  sen¬ 
sory  pleasure  is  a  question.  Eating  is  about  the  only  sensory  pleasure 
available  to  men  isolated  in  the  Arctic  and  unless  the  mens’  minds 
and  physical  energy  can  be  fully  occupied  and  absorbed  in  the  work 
they  must  do,  it  will  be  difficult  to  avoid  low  morale. 

From  a  purely  physiological  point  of  view  the  proper  feeding  of 
men  in  the  Arctic  will  largely  depend  upon  the  shelter  and  clothing 
provided  and  upon  the  manner  in  which  the  clothing  is  handled. 
Because  of  the  lack  of  attention  given  to  the  adjustment  of  clothing 
to  properly  meet  the  needs  under  the  various  activity  levels  forced 
upon  them,  men  unfamiliar  with  arctic  living  penalize  themselves  to 
a  high  degree.  They  are  likely  to  wear  much  more  clothing  than  is 
really  necessary  and  they  will  keep  their  clothing  buttoned  up  until 
they  are  “good  and  warm”  which  usually  means  overheated.  In  con¬ 
sequence,  they  unprofitably  drain  their  energy,  their  clothing  soon 
becomes  partly  saturated  with  moisture,  and  subsequently,  inadequate 
for  protection.  The  degree  of  body  comfort  aimed  for  in  the  Arctic 
should  be  comfortably  cool,  not  “good  and  warm.”  If  a  man  is  properly 
clothed  and  if  proper  attention  is  given  to  the  manipulation  of  the 
clothing  the  amount  of  food  required  in  the  Arctic  will  be  little  more 
than  that  required  in  other  zones.  It  is,  of  course,  necessary  to  provide 
ample  calories  to  balance  expenditure,  but  it  has  been  the  custom 
of  .the  Army  to  provide  troops  in  the  Arctic  with  a  superabundance 
of  calories— which  bolsters  morale  for  a  limited  period,  but  when 
satiety  is  reached  a  depression  in  morale  is  likely  to  follow.  Over¬ 
feeding  of  men  on  a  properly  conducted  expedition  is  not  customary, 
and  that  is  one  of  the  reasons  why  the  morale  problem  is  not  as  great 
on  expeditions  as  it  presently  is  in  the  Army  at  work  in  the  Arctic. 

Successful  operation  under  climatic  stress  does  not  require  the 
services  of  supermen — almost  any  kind  of  man  properly  trained  can 
get  along  in  the  Arctic  as  he  can  elsewhere— but  the  men  who  will 
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have  least  difficulty  under  such  conditions  are  those  who  are  neither 
supernormal  nor  subnormal,  neither  highly  neuropathic  nor  unsen¬ 
sitive.  In  fact  the  highly  sensitive  type  are  preferable,  if  they  have 
their  sensitivity  under  control. 

One  can  conclude,  then/that  the  amount  of  nutrition  required  by 
man  under  extremely  cold  climatic  conditions  will  largely  depend  upon 
their  knowledge  of  the  environment  and  upon  the  training  they  have 
received.  That  men  have  been  subjected  to  high  physical  and  psycho¬ 
logical  stress  in  the  Arctic  is  not  difficult  to  document,  but  such  con¬ 
ditions  could  have  largely  been  avoided  by  the  application  of  proper 
indoctrination. 
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III.  Human  Experimentation 

FRIDAY  MORNING  SESSION 
December  5,  1952 

The  meeting  reconvened  at  ten  o'clock,  Dr.  John  B.  Youmans,  pre¬ 
siding. 

YOUMANS: 

It  may  be  unnecessary  to  remind  this  audience  that  man  differs 
from  other  animals,  but  I  shall  do  it  just  the  same.  It  is  an  important 
matter.  Our  ultimate  aim  in  this  matter  is  to  bring  what  knowledge 
we  can  get  to  apply  to  the  human  being.  Parts  of  him  are  represented 
by  many  different  animals,  but  as  a  whole  he  is  unique.  We  have  this 
morning  a  program  on  human  experimentatation  with  three  papers  to 
be  followed  by  a  discussion. 


Laboratory  Studies 

H.  H.  Mitchell 

Division  of  Animal  Nutrition,  University  of  Illinois 

That  the  well-nourished  man  is  best  able  to  withstand  the  impact 
of  climatic  stress  seems  obviously  true.  It  is  the  purpose  of  a  well- 
balanced  diet  to  maintain  the  constancy  of  the  internal  environment 
of  the  tissues  with  respect  to  nutrient  concentration  and  to  tempera¬ 
ture,  while  climatic  stress  becomes  hazardous  only  to  the  extent  that 
these  constancies  are  impaired  or  destroyed. 

Our  knowledge  of  good  nutrition  and  the  balanced  diet  has  been 
obtained  mostly  from  experimentation  on  human  subjects  living  in 
a  protected  non-stress  environment.  The  recommended  dietary  al¬ 
lowances  of  the  Food  and  Nutrition  Board  of  the  National  Research 
Council  are  based,  among  other  things,  upon  such  knowledge.  But 
now  we  are  concerned  with  conditions  of  stress  imposed  by  cold  and 
hot  climates  and  whether  this  type  of  stress  modifies  nutrient  re¬ 
quirements  adequate  under  nonstress  conditions,  and,  if  so,  in  what 
direction  and  to  what  extent.  It  is  also  important  to  find  out  whether 
the  diets  to  which  men  are  habituated  in  a  temperate  climate  may  be 
advantageously  modified  to  meet  the  physiological  impact  of  arctic 
or  tropical  climates.  My  assignment  is  to  review  laboratory  investi¬ 
gations  designed  with  these  objects  in  view.  I  hope  that  you  will  bear 
with  me  if  I  devote  more  time  than  their  importance  may  seem  to 
justify  to  those  experimental  studies  with  which  I  have  been  intimately 
associated  at  the  University  of  Illinois  both  in  Urbana  and  in  the 
College  of  Medicine  in  Chicago.  Much  of  the  material  that  1  ™ 
present  for  your  consideration  has  been  reviewed  in  a  recent  mo 

fully  documented  publication  (f). 
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A  characteristic  feature  of  the  response  of  the  animal  body  to 
climatic  and  other  types  of  stress  is  its  dual  nature.  First,  there  are 
the  responses  specific  for  the  agent  causing  the  stress,  such  as  poly¬ 
cythemia  when  the  stress  is  anoxia.  Then  there  are  the  nonspecific 
responses  described  by  Han's  Selye  (2) ,  mediated  through  the  anterior 
pituitary  and  the  adrenal  cortex.  Both  types  of  response  have  an 
adaptive  significance,  in  the  sense  that  they  tend  to  alleviate  the  dam¬ 
aging  effects  of  the  stressor  agent.  The  adaptation  may  be  successful 
or  not  depending  on  the  severity  of  the  stress  and  the  period  of  its 
application.  Adaptation  to  climatic  stress  is  commonly  called  acclima¬ 
tization  and  the  nutritional  accompaniments  of  acclimatization  will 
be  touched  upon  in  the  following  discussion. 


Nutrition  in  a  Cold  Climate 

Energy  requirements  of  man  increase  in  a  cold  climate  in  direct 
proportion  to  the  severity  of  the  stress  and  in  inverse  proportion  to 
the  insulating  capacity  of  the  assemblage  of  clothing  he  is  wearing. 
The  fasting  resting  man  without  clothing  will  increase  his  heat  loss  at 
temperatures  below  27°  to  30°  C.,  and  eventually  his  metabolic  rate, 
the  increase  being  linear  when  plotted  against  ambient  temperature. 
Men  clothed  in  a  manner  appropriate  to  test  temperatures  will  exhibit 
a  metabolic  rate  while  at  rest  30%  higher  at  a  temperature  of  —20° 
C.  over  that  at  +25°  C.  When  performing  a  standard  amount  of 
work  on  a  treadmill  the  metabolic  rate  will  be  25%  higher  in  the 
cold  environment  (<?).  These  experiments  were  carried  out  in  still 
air.  Horvath  (4)  has  observed  that  rapid  air  movement  in  addition 
to  cold  will  bring  on  more  quickly  the  demands  for  increased  heat 
production.  The  amount  of  extra  heat  produced  in  response  to  this 
demand  will  be  proportional  to  the  wind  velocity. 

Elements  in  this  increased  demand  for  body  heat  in  a  cold  en¬ 
vironment  and,  therefore,  an  increased  need  for  food  energy  may 
e  broken  down  somewhat  as  follows.  There  is  obviously  a  direct 
stimulating  effect  of  cold  on  the  cold  sense  organs  in  the  skin  which 
activates  the  thermoregulatory  apparatus  located  principally  in  the 

imnwv!  amUS  m  the  brain’  The  intensity  of  this  stimulus  will  depend 
of  tL  doth”o™  temperature  and  the  insulating  properties 

nn  Clothmg  1S  a  c?ntributing  factor  also  because  of  its  hobbling  effect 
y  movements,  increasing  the  energy  cost  of  work  involving  W 

was  strumdieThemrnt  relative  imP-tyance  of  this  clothing  effect 
laboratory  experiments” nsolazio,  and  Kark  (5),  who  concluded  from 

metabolism  due  to  the  hobblZ  W  “The  in 

least  twice  as  great  as  the T  /  Clot^ng  appears  to  be  at 

must  be  regarded  as  playing  a  mafor  roleTn  th" *  tempera‘ure  and 
requirement  M  the  temperature  lowered”  mCreaSed  Cal°rie 

bearsnn1oerelationetonc[otth^eisethe, ^0^'  environ™Pt  that 

°  e  necessity  of  warming  and  humidi- 
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fymg  the  cold  air  inhaled  in  such  a  climate.  Webster  (6)  has  recently 

of  Jhitl  1  he  eneF^  C°f  °f  this  °Peration.  To  give  only  one  example 
of  this  caloric  penalty  of  existence  in  a  cold  climate,  a  man  expending 

4000  cal.  per  day  at-30°  F.  (ca.  -17°  C.)  would  require  1018  cal.  in 
warming  and  hurmdifying  the  air  he  breathes,  equivalent  to  more 
than  /c  of  his  total  energy  requirements,  on  the  assumption  that 
the  air  exhaled  is  almost  at  body  temperature  and  90%  saturated 
with  moisture.  However,  Webb  (7)  has  shown  that  these  basic  as¬ 
sumptions  are  not  necessarily  valid.8 


The  basal  metabolism  of  man,  by  which  is  meant  the  metabolism  in 
the  comfort  zone  where  heat  production  is  equal  to  heat  emission,  is 
not  affected  by  residence  in  an  arctic  climate  if  a  short  period  of  time 
is  allowed  to  elapse  after  entering  the  room  in  which  the  measurement 
is  made.  The  high  basal  metabolism  of  the  Eskimo  frequently  re¬ 
ported  is  not  a  climatic  effect,  but  a  combination  of  apprehension  of 
the  ordeal  of  measurement  and  of  the  high-protein  content  of  the 
last  meal  (5). 


Besides  the  effect  of  cold  on  the  energy  requirements  of  man,  there 
may  be  an  effect  upon  water  requirements  insofar  as  a  diminished 
evaporation  of  water  from  the  skin  is  not  compensated  for  by  the 
increased  loss  of  water  through  the  lungs  and  through  the  kindey 
in  cold  diuresis  ( 9 ) .  If  moderately  severe  to  severe  work  is  done  when 
a  man  is  encased  in  an  arctic  uniform,  sweating  may  occur  to  such 
an  extent  as  to  increase  greatly  the  need  for  both  water  and  salt. 


The  diet  of  men  living  in  different  climatic  zones  varies  greatly, 
both  in  quantity  and  in  the  nature  of  the  foods  of  which  it  is  composed. 
These  differences  are  dependent  upon  the  availability  of  foods  of 
different  descriptions,  obviously.  The  prevalence  in  the  diet  of  the 
Eskimo  of  foods  high  in  protein  and  in  fat  may  be  largely  due,  as 
Thomas  (10)  believes,  to  the  unavailability  of  carbohydrate  foods 
during  most  of  the  year.  On  the  other  hand,  Burton  and  associates 
(11)  have  observed  that,  in  a  cool  environment,  men  prefer  foods  of 
higher  caloric  density  and  lower  equivalent  respiratory  quotient,  both 
of  which  are  prominent  characteristics  of  fats,  and  that  appetite 
plays  a  significant  role  in  acclimatization  to  cold.  This  belief  derives 
a  certain  measure  of  circumstantial  support  from  the  fact  that  pre¬ 
vailing  diets  in  hot  climates  are  so  often  poor  in  fats  and  high  in 
carbohydrates.  There  is  a  possibility,  therefore,  that  men,  to  an  extent 
permitted  by  the  availability  of  foods,  select  their  foods  and  acquire 
food  habits  best  adapted  to  aid  them  in  combating  climatic  stress. 
This  attractive  hypothesis  implies  that  there  is  a  correlation  between 
the  types  of  diet  on  which  men  subsist  and  their  tolerance  to  cold 

or  heat. 


a  Webb’s  results  show  that  air  inspired  at  a  low  temperature  is  rapidly  warmed 
in  the  nasal  passages,  and  when  exhaled  it  is  cooled  and  gives  up  ea  y 
moisture  condensation  as  it  approaches  the  nares. 
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An  experimental  approach  to  the  problem  of  the  effect  of  dietary 
modifications  on  man’s  tolerance  to  cold  was  carried  out  during  the 
period  1942  to  1944  in  the  Research  and  Educational  Hospital  of  the 
University  of  Illinois  in  Chicago  by  a  group  of  investigators  headed 
by  Keeton. 

The  investigations  consisted  of  three  separate  experiments  in 
which  comparisons  were  made,  first,  of  a  high-protein  and  a  high- 
carbohydrate  diet,  fat  remaining  constant  at  a  low  level;  second,  a 
comparison  of  a  high-carbohydrate  and  of  a  high-fat  diet,  protein 
remaining  constant  at  a  low  but  adequate  level;  and,  third,  a  com¬ 
parison  of  two  diets  identical  in  their  contents  of  the  main  organic 
nutrients,  but  differing  widely  in  their  contents  of  certain  of  the 
water-soluble  vitamins.  The  diets  were  all  fed  in  amounts  to  maintain 
constant  body  weight. 

The  day’s  food  in  each  diet  group  was  generally  consumed  in 
four  meals:  the  A  meal  was  eaten  about  one  hour  after  arising,  the 
B  meal  midway  in  the  exposure  period,  the  C  meal  one  hour  after  the 
termination  of  the  exposure  period,  and  the  D  meal  just  before  re¬ 
tiring.  These  meals  contained  20,  40,  30  and  10%  of  the  day’s 
calories,  respectively,  or  40,  20,  30  and  10%.  Other  variations  in  meal 
size  and  timing  were  made  occasionally. 

Subjects  of  the  experiments,  10  or  12  in  each,  were  conscientious 
objectors  to  Military  Service  who  had  volunteered  for  this  duty.  The 
men  were  exposed  during  the  experiments  for  eight  hours  daily,  five 
days  a  week,  and  four  hours  on  Saturdays,  to  a  temperature  of  —20°  F. 
with  minimal  air  motion.  The  activity  of  the  men  was  restricted  by 
the  size  of  the  experimental  chamber  (14'  x  10.5'  x  8.5') ,  and  provision 
made  for  exercise  was  rarely  used. 

Groups  of  five  or  six  men  were  exposed  simultaneously  in  two 
eight-hour  shifts  each  day.  Each  shift,  containing  members  of  the  two 
diet  groups  undergoing  comparison,  had  its  own  sleeping  quarters 
which  were  maintained  at  temperatures  ranging  from  72°  to  78°  F 

With  a  relative  humidity  of  35%.  Some  of  the  auxiliary  tests  were 
carried  out  in  a  room  kept  at  60°  F. 

The  men  were  clothed  during  cold  exposure  in  arctic  suits  obtained 

U.  S°tr  H  °m  the  ?ffiCC  0f  The  Quartermaster  General  of  the 
i  ^  However,  in  most  of  the  experiments  the  clothino-  nnr 

poplin  wool-lined  field  jacket  was  omitted  f  eXpef^meiilts  .the  cotton 
blage.  In  the  “light  clothino-”  •  e?  ^r?m  clothing  assem- 

the  cotton  poplin  hooded  parka  wereTmitW  fleeCe  interliner  and 
deteSVv  mlsurirrt  tlet  exPerimental  diets  were 

Period  the  rectal  t ^ 
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temperature  at  17  different  locations  on  the  body.  The  mean  skin 
temperature  was  calculated  from  these  17  measurements  by  the  method 
of  Hardy  and  DuBois  (12) .  But  the  ability  to  withstand  cold  involved 
not  only  the  temperature  regulation  mechanism  of  the  body,  but  also 
the  ability  to  perform  tasks  depending  upon  neuromuscular  efficiency 
and  coordination,  visual  efficiency,  perceptual  activity  and  intellective 
alertness.  An  attempt  was  made  to  evaluate  this  ability  under  com¬ 
fortable  and  stress  conditions  with  a  battery  of  psychomotor,  per¬ 
ceptual  and  intellective  tests,  with  the  subjects  on  different  diets. 

Some  of  the  highlights  of  these  experiments  will  now  be  given.  The 
diets  in  the  first  experiment  (13)  are  described  in  Table  1.  Note  the 
content  of  305  g.  of  protein  per  3000  cal.  in  the  high-protein  diet. 
This  diet  was  consumed  for  5.5  months  with  no  evidence  of  kidney 
damage  as  revealed  by  periodic  examination  of  the  urine  for  albumin, 
periodic  Addis  counts  of  the  urinary  sediment,  and  creatinine  and 
urea  clearance  tests  for  renal  efficiency,  though  there  was  a  27% 
increase  in  the  nonprotein  nitrogen  of  the  blood  for  the  12th,  18th 
and  24th  hours  post  prandium.  The  high  phosphorus  and  iron  content 
of  the  high-protein  diet  was  due  to  the  large  amount  of  meat  it  con¬ 
tained.  The  high-carbohydrate  diet  was  not  far  removed  from  an 
average  American  diet  in  its  nutrient  content.  Both  diets  were 
adequate  in  vitamins  by  actual  analysis  for  those  vitamins,  except 
vitamin  A,  known  to  be  essential  in  human  nutrition.  Vitamin  A 
values  were  ample  as  judged  by  food  composition  tables. 

The  diets  were  fed  to  the  respective  groups  in  amounts  to  maintain 
body  weights.  Estimated  caloric  contents  for  the  various  subjects, 
expressed  as  percentages  of  the  determined  basal  metabolisms,  are 


TABLE  1 

The  Composition  of  the  Experimental  Diets  per  3,000  Cal. 

Experiment  I 


Diets 

Organic  nutrients 

Protein 

Fat 

Carbohydrate 

g. 

305 

79 

g- 

132 

137 

g- 

147 

362 

Mineral  nutrients 

Calcium 

Phosphorus 

Iron 

g- 

1 .50 

1.19 

g- 

2.65 

1  .57 

mg. 

43 

19 

rllgn-carDonyui  die . 
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averaged  in  Table  2.  The  first  experimental  group  required  an  average 
of  162%  of  their  basal  energy  expenditure,  and  the  second  group  an 
average  of  191%.  This  difference  between  the  two  diet  groups  is 
distinct  statistically  (P  <  0.001)  and  probably  represents  a  depression 
of  the  muscular  activity  of  the  men  on  the  high-protein  diet. 

Figure  1  is  introduced  merely  to  show  the  locations  on  the  body  of 
the  thermocouples  used  to  measure  skin  temperature. 


TABLE  2 

Food  Energy  Required  for  Maintenance  of  Body  for  5.5  Months.  Expressed 
as  a  Percentage  of  the  Determined  Basal  Metabolism 

Experiment  I 

Experimental  Group  I 


Diets 

Subject 

A 

Subject 

B 

Subject 

C 

Subject 

G 

Subject 

H 

Subject 

I 

Average 

High -protein . 

175 

165 

170 

155 

155 

155 

162 

High -carbohydrate . 

Experimental  Group  II 

Subject 

D 

Subject 

E 

Subject 

F 

Subject 

J 

Subject 

K 

Subject 

L 

Average 

200 

180 

180 

190 

190 

205 

191 

Table  3  typifies  the  differential  effects  of  the  experimental  diets 
on  the  rectal  and  mean  skin  temperatures  of  the  subjects.  It  sum¬ 
marizes  the  total  decrements  in  these  items  in  heat  economy  observed 
^ur"^10)ur  exposures  to  — 20°  F.,  after  an  A  meal  containing  20% 
of  the  day  s  calories  and  a  B  meal,  consumed  midway  in  the  exposure 
period,  containing  40%  of  the  day’s  calories.  Although  the  average 
temperature  decrements  were  smaller  in  all  cases  for  the  group  on 
the  high-carbohydrate  diet,  only  the  differences  after  the  heavier  meal 

time"Uorfmthethaerctittecl  °f  ^  txposure  period  when  the  “tolerance 
tont.  f  ^  1  clothmg  may  have  elapsed,  are  statistically  signi- 

fhe  totality  of  data  on  the  changes  in  rectal  and  mean  skin  tern 
peratures  on  exposure  to  extreme  cold,  of  which  the  data  in  Table  3 
re  only  a  part,  supports  the  conclusion  that  high-carbohydrate  low 

and  surface  cooling  This  indict  ‘V  ’  the  rate  of  deep  tissue 

cold  in  men  subshSinl  on  f  L  f  a  ^ater  heat  P™duction  in  the 
amounts  to  cover  caloric  requirements.  °  ydrate’  low-Pr°tein  diet  in 
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TABLE  3 

The  Average  Decrement  in  Rectal  Temperature  in  Degrees  Centigrade 
During  Four-Hour  Exposures  with  the  Subjects  Inactive 

Experiment  I 


Group 

Decrement  in  rectal 
temperature 

Decrement  in  mean  skin 
temperature 

After  the  A 
mealb 

After  the  B 

mealc 

After  the  A 
mealb 

After  the  B 
mealc 

I . 

High-prc 

>tein  diet 

1 .07 

1 .77 

4.56 

6.49 

II . 

High-carbohydrate  diet 

0.53 

1 .03 

4.26 

3.96 

Significance  of  diet 
difference  P  =  0  .08. 

5 . 

P  =  0.014 

Insignificant 

P  =  0.016 

b  The  A  meal  contained  20%  of  the  day’s  calories. 
c  The  B  meal  contained  40%  of  the  day’s  calories. 


Changes  in  rectal  and  skin  temperature  during  cold  exposure  have 
been  expressed  in  the  units  in  which  they  were  measured,  namely,  in 
degrees  Centigrade.  In  the  psychomotor  and  other  performance  tests 
it  was  considered  expedient  to  compute  a  decrement  score  for  each 
individual  subject  covering  the  whole  battery  of  tests.  Therefore, 
the  decrements  in  performance  have  been  expressed  in  terms  of  “co¬ 
efficients  of  comparison”  in  the  sense  in  which  the  term  is  used  by 
Jones,  Flinn,  and  Hammond  (U) .  By  dividing  the  decrease  (or 
decrement)  in  psychomotor  performance  during  cold  exposure,  ex¬ 
pressed  in  the  units  pertaining  to  a  particular  test,  by  the  normal 
variation  to  which  performance  is  subject,  measured  by  the  standard 
deviation  in  performance  under  nonstress  conditions  and  expressed 
also  in  the  units  pertaining  to  that  test,  a  quotient  is  obtained  that 
bears  no  distinctive  units.  In  this  respect  it  is  similar  to  the  ratio 
of  a  difference  between  two  mean  observations  to  its  standard  error, 
measuring  the  statistical  significance  of  the  difference.  By  averaging 
the  coefficients  of  comparison  for  a  battery  of  performance  tests,  a 
cofficient  of  scoring  is  obtained  for  each  experimental  subject. 
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FIGURE  1. 


The  location  of  thermocouples  for  the  measurement  of  mean  skin  temperature. 

Table  4  affords  a  comparison  of  the  average  performance  of  the 
men  in  the  two  diet  groups  of  Experiment  I  with  three  psychomotor 
tests  and  the  critical  fusion  frequency  of  flicker  test,  both  under  con¬ 
ditions  of  “full-clothing”  and  of  “light-clothing”  as  previously  defined. 
Kesults  of  these  tests  indicate  the  superiority  of  the  high-carbohy¬ 
drate  over  the  high-protein  diet  in  combating  the  damaging  effect  of 
cold  on  psychomotor  and  sensory  functioning  insofar  as  these  are 
measured  by  the  tests  employed.  The  average  improvement  amounted 
to  about  60%  with  “full  clothing”  and  28%  with  “light  clothing  ” 

Medteine^n^Wj  enmenti  (1/)  °f  thoSe  carried  out  at  the  College  of 
Memeine  in  Chicago  involved  a  comparison  of  a  high-carbohvdrate 

conid  “The8  ^  di6t  with.ref™  ‘o  their  effects  on  tolerance  to 
ment  the  ratio  of  carbo^ydratfa^faT'^tl!16  purpose  of  the  experi- 

so  that  in  one  diet 
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TABLE  4 

Total  Decrement  in  Psychomotor  Performance  During  an  Eight-Hour 
Exposure  to  Gold  with  One  Intervening  Meal,  in  Terms  of 

Coefficients  of  Scoring 


Experiment  I 


Subject 

Full  clothing 

Light  clothing 

Differences 

High-protein  diet 

A . 

1  .69 

1  .28 

-0  .41 

B . 

0.77 

0.75 

-0.02 

C . 

1  .17 

1  .13 

-0.04 

G . 

0.92 

0.98 

0.06 

H . 

0.72 

0.88 

0.16 

1  .18 

1  .22 

0.04 

Average . 

1  .08 

1  .04 

-0.04 

High-carbohydrate  diet 

D . 

0.21 

0.41 

0.20 

E . 

0.63 

1  .01 

0.38 

F . 

0.34 

0.48 

-0.14 

J . 

0.44 

0.74 

0.30 

K . 

0.52 

0.95 

0.43 

L . 

0.48 

0.90 

0.42 

Average . 

0.44 

0.75 

0.31 

Significance  of  diet  difference.  . 

P  =  0.0016 

P  =  0  .028 

P  =  0.013 

TABLE  5 

The  Composition  of  the  Experimental  Diets  per  3,000  Cal. 

Experiment  II 


Organic  nutrients 

Diets 

Protein 

Fat 

Carbohydrate 

WinrVi-puphnhvflrat.P  . 

g- 

78 

g- 

77 

g- 

498 

. 

76 

245 

124 

Mineral  nutrients 

Calcium 

Phosphorus 

Iron 

T-J  i  rrV»  norhnlivHratP  . 

g- 

0.87 

g- 

1  .45 

mg. 

20 

1  Q 

1 .03 

1  .54 

iy 
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while  in  the  other  it  supplied  73%.  The  ketogenic-antiketogenic  ratio 
of  the  high-fat  diet,  roughly  calculated  from  its  contents  of  protein, 
carbohydrate  and  fat,  was  approximately  1:1.  Its  consumption  was 
associated  with  a  small  but  definite  excretion  of  ketone  bodies  in  the 
urine,  but  no  indication  of  hemolysis  was  revealed  by  examination  of 
the  urine  and  blood  for  bile  pigments. 

The  caloric  consumption  on  the  two  diets  necessary  for  mainten¬ 
ance  of  body  weight  is  summarized  in  Table  6.  The  men  on  the  high- 
carbohydrate  diet  required  an  average  of  188%  of  food  calories  in 
terms  of  their  basal  expenditures.  On  the  high-fat  diet  the  average 
was  200%.  There  is  considerable  overlapping  among  the  individual 
members  of  the  two  groups  in  this  respect,  and  the  difference  between 
the  group  averages  is  not  significant  statistically. 

Differential  diet  effects  on  tolerance  to  cold  in  this  experiment  are 
not  so  general  as  in  the  previous  experiment.  The  cooling  of  the  in¬ 
ternal  tissues  of  the  body  on  exposure  to  intense  cold  is  somewhat 
greater  on  a  high-carbohydrate  diet,  but  only  when  the  interval  be¬ 
tween  meals  was  reduced  from  five  to  two  hours.  This  is  beautifully 
shown  in  Table  7.  In  this  table  the  decrements  in  rectal  temperature 
from  the  first  two  hours  to  the  last  two  hours  of  a  six-hour  exposure 
to  —20°  F.  are  shown  when  a  variable  number  of  meals  intervene. 
The  A  meal  containing  20%  of  the  day’s  calories  was  consumed  one 
hour  before  cold  exposure.  When  no  meals  were  consumed  during  the 
exposure  period,  there  was  no  significant  diet  effect,  although  the 
rectal  temperature  decreased  less  on  the  average  for  the  subjects 
on  the  high-fat  diet.  When  one  meal  containing  40%  of  the  day’s  con¬ 
sumption  of  energy  was  consumed  during  cold  exposure,  the  average 
decrease  in  rectal  temperature  on  the  high-fat  diet  was  only  half 
“f.  on„‘h®  ^-carbohydrate  diet  and  was  statistically  significant 
at  the  3.4%  level.  When  two  meals  intervened  between  temperature 
measurements,  the  high-fat  diet  was  again  twice  as  effective  as  the 

wfQhHCafb0llirdr?te  diet  m  Preventin£  co]d  damage  and  the  significance 
was  distinctly  clearer  with  P  =  0.018. 

With  regard  to  the  cooling  of  the  skin,  no  superiority  of  a  high-fat 

seoi  ntfr  a  hl£h"carbohydrate  meal  was  demonstrated  during  a  sub¬ 
sequent  four-hour  exposure  to  cold. 

Although  the  performance  tests  indicated  with  high  nrobahili+v  a 

diet’  the  evidencetarnotconc^u- 

“e  “Parity  of  the" high-fat  dirt^as  cfear-cut 

of  supplementing6!' "basal' diet 'borderhn^^or^ss^  in° 

indistinguishable  from  thite  t  closed  placebos 

days  of  this  experiment  varied  In  ®asal  dlet  during  the  150 

justment  to  the  desired  vitamin  feve  W  the  course  of  ad' 

,n  levels-  The  diet  composition  given  in 
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e  Contained  40%  of  the  day’s  calories. 

1  Contained  each  20%  of  the  day’s  calories. 

*  These  probabilities  pertain  only  to  the  high-fat  diet. 


Table  8  covers  the  last  three  months  of  the  experiment.  The  diet 
was  normal  in  its  content  of  the  main  organic  nutrients,  somewhat 
below  the  N.  R.  C.  recommended  allowances  for  thiamine,  riboflavin 
and  niacin,  but  distinctly  below  these  recommendations  in  ascorbic 
acid.  However,  the  subjects  on  the  unsupplemented  basal  diet  at  no 
time  exhibited  clinical  symptoms  that  could  be  referred  to  diet,  and 

TABLE  8 

Average  Chemical  Composition  of  the  Basal  and  the  Supplemental 
Diets  per  3,000  Cal.  for  the  Last  Three  Months  of  the  Experiment 

Experiment  III 


Diets 

Protein 

Carbohydrate 

Fat 

Vitamin  Ah 

• 

g. 

g- 

g- 

I.U. 

Basal . 

96 

320 

149 

4600 

Supplemented . 

96 

320 

149 

4500 

Ascorbic  acid 

Thiamine 

Riboflavin 

Niacin 

mg. 

mg. 

mg. 

mg. 

Basal . 

33 

1 .2 

1 .8 

11 

Supplemented  i . 

233 

10.0 

9.8 

131  i 

h  Estimated  from  food  composition  tables, 
i  The  supplement  was  niacinamide. 

j  The  vitamin  capsules  contained  pyridoxine,  pantothenic  acid,  and  biotin  in 
addition. 


no  biochemical  evidence  was  obtained  that  the  vitamin  levels  were 
inadequate  for  normal  nutrition  at  least  for  a  period  of  three  months. 

The  imposed  difference  in  vitamin  intake  had  no  demonstrated 
effect  on  tolerance  to  cold  as  measured  by  rectal  and  skin  tempera¬ 
tures,  by  psychomotor,  perceptual  and  intellective  tests  or  by  per¬ 
sonality'  scores.  The  supplementary  vitamin  dosages  very  probably 
minimized  somewhat  the  fatiguing  effect  of  cold  on  the  retino-cortical 
system  insofar  as  this  is  measured  by  the  critical  fusion  frequency  of 


flicker  j 

In  some  of  the  experiments  just  reviewed,  an  attempt  was  made 

to  distinguish  differential  diet  effects  on  muscle  tension  and  shivering 
in  subjects  exposed  to  —20°  F.  During  the  tests  the  men  sat  quiet  y 
in  a  chair  in  the  cold  room  wearing  the  “light  clothing'  previously 
described  made  still  lighter  by  the  removal  of  the  100%  wool  puh- 
over  sweater.  The  observations  on  each  man  lasted  3.75  hours,  i  he 
metabolic  rate  was  determined  at  intervals  of  seven  to  ten  minutes 
throughout The  experiment  («).  although  a  -ntinuo-  co  lecbon  o 
evnired  air  was  obtained  by  the  use  of  two  Tissot  spirometers.  Muscle 
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The  condenser  was  discharged  by  a  thyratron  tube  operating  an  im¬ 
pulse  counter.  The  integration  of  the  muscle  action  potential  was 
adjusted  so  that  the  counting  rate  was  directly  proportional  to  the 
voltage. 

These  tests  did  not  reveal  any  differential  diet  effects — possibly 
because  individual  differences  in  response  of  the  leg  muscles  to  cold 
were  so  variable  as  to  obscure  the  effect  of  any  but  gross  factors. 
The  observations,  however,  did  reveal  some  interesting  facts.  In 
Figure  2  (18),  the  shivering  counts  are  plotted  against  the  metabolic 
rate  in  calories  both  expressed  per  square  meter  of  body  surface  per 


Figure  2. 

Correlation  of  heat  production  and 
shivering  counts. 


hour.  The  figure  reveals  a  high  correlation  (r  =  -f0.930d=0  012) 
between  the  57  paired  variates  and  the  marked  effect  of  muscle  activity 
on  heat  production,  about  a  200%  increase  over  the  metabolic  rate  for 
counts  above  the  slow  rate  due  to  heart  action.  The  regression  equa¬ 
tion  of  metabolic  rate  (y)  on  action  counts  (x)  is  Q 

.  y=  45.48  +  0.1076x 

indicating  an  average  metabolic  rate  of  45.48  cal.  /m2/  hour  for 
muscle  inactivity.  The  difference  between  this  value  and  the  averae-e 
fastmg  metabolism  of  the  men  in  the  sitting  posture  36  3  cal  /mV 

A  meaf  ^^the^™1118  ?nd  the  specific  dynamic  effect  of  the 

initi,“U  o/ihe ^  expert'entr  Aff^uZTeT't1'5  h°UrS  Pri°r  t0  the 
for  that  purpose  the  resuhs  cnnfir  h  ftS  were  not  undertaken 
and  Visscher  ti o\  ■  "u  •  ,  the  conclusion  of  Kottke,  Phalen 

“2 t?- -  ■  -  ss? "  - 

The  answer  to  this  anomaly  lies'in  thpC  actl0n  of  a  hl£h-protein  diet. 
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after  consumption  of  the  A  meal  containing  approximately  1000 
calories.  The  experiments  were  carried  out  with  the  subjects  sitting 
quietly  in  a  chair,  under  comfortable  conditions  (77°  F.),  and  again 
under  cool  conditions  (60°  F.).  In  both  series  of  tests  the  men  were 
clothed  only  in  light  union  suits,  90%  cotton.  The  respired  air  was 
collected  intermittently  every  half  hour  for  the  first  two  hours  post 
prandium,  and  then  every  hour.  The  fasting  metabolism  of  each 
subject  was  measured  while  sitting  quietly  in  a  chair  at  least  12  hours 
after  the  last  meal. 

The  two  experimental  environments  had  no  appreciable  effect 
either  upon  the  fasting  metabolism  or  the  metabolic  rate  after  the 
test  meal.  The  results  were,  therefore,  pooled.  Upon  plotting  the 
cumulative  extra  calories  over  the  basal  metabolism  against  elapsed 
time  since  the  last  meal,  the  data  were  described  very  well  after  the 
maximum  rate  of  increase  was  reached  by  the  equation  expressing  the 
law  of  diminishing  increments.  This  equation  was,  therefore,  fitted 
to  the  pooled  data  for  the  two  diets.d  The  differentiation  of  these 
equations  permits  the  calculation  of  the  hourly  production  of  S.  D.  A. 
calories.  These  hourly  productions  of  extra  calories  for  the  two  diets 
have  been  plotted  against  time  post  prandium  in  Figure  3.  The  peak 

d  Attention  should  be  called  to  the  fact  that  in  equations  one  to  four  given  in  the 
published  article  (20),  the  exponents  in  the  second  term  in  the  right  hand  side 
of  the  equation  apply  to  “e,”  the  base  of  the  natural  system  of  logarithms,  which 
was  inadvertently  omitted. 


in  heat  production  was  reached  in  1.5  hours  after  the  hl^Jj“?ar  " 
hydrate  meal  and  in  2.0  hours  after  the  high-protem  meal.  While  the 
S  D.  A.  curves  of  the  two  diets  are  distinctly  different,  the  differences 
are  not  considerable  quantitatively,  amounting  to  12  cal.  per  hour  at 
the  peak  and  diminishing  ter  eight  and  six  cal.  per  hour,  respectively, 
at  five  and  six  hours  post  prandium.  These  are  small  items  in  the 
hour’s  heat  production  compared  with  the  extra  calories  over  basal 
of  standing  relaxed  of  40  cal.  per  hour,  and  dressing  and  undressing 
of  53  cal.  per  hour. 

"  Nutrition  in  a  Hot  Climate 


A  tropical  climate,  particularly  when  the  heat  load  of  intense  solar 
radiation  is  superimposed  upon  a  high  environmental  temperature 
(21),  induces  moderate  to  profound  changes  in  the  nutritive  require¬ 
ments  of  man. 

Energy  requirements  are  decreased  in  a  hot  climate  as  compared 
with  a  temperate  climate  due,  in  the  first  place,  but  to  a  moderate 
extent  of  10  to  15%,  to  a  depression  of  the  fasting  metabolism,  wheth¬ 
er  measured  at  habitat  temperature  (22,  23),  or  within  the  zone  of 
themic  neutrality  (2U,  25,  26) .  According  to  Eichma  and  others  (27) , 
a  decreased  metabolic  rate,  with  increased  sweating  and  evaporative 
cooling,  are  the  chief  adaptive  changes  to  work  in  a  hot,  dry  environ¬ 
ment. 


Other  items  in  the  decreased  energy  requirements  associated  with 
residence  in  the  tropics  are  greater  efficiency  in  certain  types  of 
muscular  work  because  of  the  wearing  of  lighter  clothing,  a  lesser 
capacity  for  work  and  less  motivation. 

Water  requirements  are  definitely  increased  when  sweating  is  in¬ 
duced  and  in  proportion  to  the  amount  of  sweat  secreted  minus  the 
compensatory  decrease  in  the  loss  of  urinary  water.  The  requirements 
may  increase  from  2.5  to  3  liters  per  day  in  a  temperate  zone  to  13 
liters  for  men  at  heavy  work  at  115”  F.  During  intense  sweating, 
irst  is  not  an  adequate  guide  to  water  requirements,  though  if 
thirst  is  satisfied  continuously  any  considerable  and  serious  dehydra¬ 
tion  of  the  body  may  be  avoided  for  the  usual  working  periods 
When  profuse  sweating  occurs  there  is  the  possibility  that  the 
consequent  loss  of  all  of  the  nutrients  dissolved  in  sweat  will  ncrelse 
the  respective  nutrient  requirements.  However,  if  compensatory  de 

beTnaepprnecirablery  ‘°SSeS  °CCUr  ^  tHe  eff<3Ct  °n  requirements  may 

ch.oridlThVrZ"„rfUorti,i  'T*  *  «odlum 

sweating  level  ofTwoTo  fite  g  daily  (is  ^  a  non- 

more  under  conditions  of  profuse  sweating  (ln\°  la  °  l?  g\.daily  or 

ass 

daiiy- if  *  ■*  m 
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there  is  a  conservation  of  salt  in  the  sweat  (31)  as  well  as  in  the 
urine,  due  to  the  hormonal  activity  of  the  adrenal  cortex  elicited  in 
response  to  a  deficiency  of  salt. 

An  experiment  on  the  losses  of  nutrients  in  the  sweat  was  per¬ 
formed  on  the  Urbana  campus  of  the  University  of  Illinois  over  a 
period  of  two  years.  Eight  male  subjects  participated  in  the  experi¬ 
ment,  varying  in  age  from  20  to  28  years.  They  were  all  conscientious 
objectors  to  military  service  who  had  volunteered  for  this  duty.  They 
were  exposed,  in  groups  of  two  to  four,  to  7.5  hours  daily,  five  days 
a  week,  and  for  three  hours  on  Saturday  mornings,  to  controlled 
environments  in  an  air-conditioned  chamber.  The  environments  im¬ 
posed  ranged  in  sudorific  potency  from  “hot  humid”  (dry  bulb  37°- 
39°  C.,  relative  humidity  70%)  to  “comfortable”  (dry  bulb  27°-28° 
C.,  relative  humidity  44%  ) .  The  sweat  secretion  under  these  extreme 
conditions  averaged  720  g.  and  117  g.  per  hour,  respectively,  with 
marked  individual  variations.  Sweat  was  collected  in  an  undiluted 
condition  by  running  the  lip  of  a  glass  beaker  over  the  surface  of  the 
body.  Total  sweat  was  measured  by  thorough  washing  of  the  entire 
body  with  distilled  water  at  the  end  of  the  exposure  period.  Prior  to 
exposure  the  men  were  washed  thoroughly  from  head  to  foot  with 
soap  and  water  followed  by  distilled  water. 


Dermal  losses  of  nitrogen,  many  of  the  minerals,  and  all  of  the 
water-soluble  vitamins  known  ten  years  ago  were  measured  (32). 
Nitrogen  loss  under  nonsweating  conditions  averaged  360  mg.  per  day 
and  under  hot  humid  conditions,  3.6  g.  per  day.  Most  of  this  sweat 
nitrogen  resides  in  amino  acid  metabolites,  such  as  urea,  and,  there¬ 
fore,  does  not  represent  a  nutritive  loss.  Some  of  it,  however,  is  con¬ 
tained  in  amino  acids.  From  other  information  it  may  be  computed 
that  the  amino  acid  loss  in  the  sweat  may  be  equivalent  to  seven 
to  nine  g.  of  protein  per  ten  liters  of  sweat. 

All  of  the  water-soluble  vitamins  studied  were  present  in  sweat 
(1),  but  in  inconsiderable  amounts.  From  our  results  and  those 
selected  from  other  investigations  it  may  be  concluded  that  the  fol¬ 
lowing  vitamins  will  be  found  in  sweat  in  a  concentration  of  100  meg. 
but  generally  much  less,  per  liter :  thiamine,  riboflavin,  nicotinic  acid 
(total),  pantothenic  acid,  pyridoxine  (total),  choline,  para-amino- 
benzoic  acid  and  folic  acid.  Although  the  human  requirements  for  all 
of  these  vitamins  are  not  known,  the  concentrations  in  sweat  are  so 
small  as  to  seem  insignificant  in  practical  nutrition,  concentration 
of  ascorbic  acid  in  sweat  is  extremely  variable  and  its  in 

detectable  amounts  seems  to  be  sporadic.  The  occurrence  of  dehydro- 
ascorbic  acid  in  sweat,  while  quite  variable  in  quantity,  may  be  sign - 
ficant  in  a  practical  sense,  but  on  the  basis  of  average  concent^° 
the  daily  loss  would  rarely  exceed  three  mg.  except  und 

b^TherTi’s  a  dermal  loss  of  minerals  from  the  body  prior  to  the  onset 
of  sweating,  mainly  of  sodium,  potassium,  chloride  and  sulfate.  The 
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sensible  sweat  that  supersedes  this  so-called  “insensible  perspiration” 
seems  to  contain  all  of  the  minerals  contained  in  the  blood.  We  have 
identified  the  following:  sodium,  potassium,  calcium,  magnesium,  cop¬ 
per,  manganese,  iron,  phosphorus,  chlorine,  iodine,  bromine,  and 
fluorine.  Sulfur  has  also  been  identified.  For  the  sake  of  brevity, 
discussion  of  mineral  losses  in  the  sweat  will  be  restricted  to  three 
iodine,  calcium,  and  iron,  since  these  losses  are  most  likely  to  be  of 
practical  importance. 

The  concentration  of  iodine  in  sweat  on  an  unsupplemented  diet 
averaged  about  cen  meg.  per  liter  (33) .  Supplementation  with  two  mg. 
of  potassium  iodide  raised  this  concentration  over  threefold.  If  the 
basal  iodine  requirement  of  man  may  be  taken  at  about  one  meg.  per 
kg.  of  body  weight  W),  the  secretion  of  seven  liters  of  sweat  would 
contain  the  equivalent  of  a  day’s  requirement  for  an  average  man. 
While  the  effect  of  sweating  on  the  output  of  urinary  iodine  has  not 
been  determined,  the  incomplete  information  at  hand  may  justify 
added  emphasis  on  the  advisability  of  using  iodized  salt  in  a  tropical 
climate. 


Under  comfortable  conditions,  under  which  sweating  is  minimal, 
the  subjects  of  the  Illinois  experiments  excreted  per  hour  through 
the  skin  6.2  mg.  of  calcium  and  0.27  mg.  of  iron  on  an  average  (32). 
When  general  sweating  is  initiated  in  response  to  a  thermal  stimulus, 
these  dermal  losses  of  calcium  and  iron  increased  from  three  to  ten 
times  under  hot  humid  conditions  with  total  sweat  volumes  averaging 
700  to  800  ml.  per  hour.  Compensatory  changes  in  urine  losses  were 
not  established.  The  situation  with  reference  to  calcium  suggests 
without  proving  beyond  doubt  the  need  of  an  increased  calcium  intake 
in  a  tropical  climate.  However,  residents  in  Ceylon  (35)  and  in  Peru 
(36)  maintain  calcium  equilibrium  on  extremely  low  intakes  of  cal¬ 
cium,  probably  an  adaptive  response  to  a  low  intake  of  this  nutrient 
over  a Jong  period  of  time.  As  a  precautionary  measure,  it  may  be 
desirable  to  increase  the  proportion  of  high-calcium  foods  in  the  diets 
?  a  trop^al  climate  if  they  have  been  previously  habituated 

to  the  liberal  level  of  calcium  nutrition  prevailing  in  this  country. 

h00ThT!:UrrterlCe  °f  lron  in  sweat  in  appreciable  concentrations  has 

that  the  1fbXSoftLtVhOSeMi0Hh?,iStS  and  nutritionists  who  claim 
inat  tne  ability  of  the  animal  body  to  excrete  iron  is  severelv  limifpd 

nd  hence  that  the  body  absorbs  iron  only  as  it  needs  it  And  vot 

liter  "in  tlJZ  hUman  SWeat  to  the  extent  of* "one  to  £?£  £ 
hter  in  the  Illinois  experiments  is  not  a  matter  for  surprise  In  lw 

glands  in"  i^eZ^T  a^liT^  ^  ^  ^ 

article.  Three  years  iZ’  SSlSlf*  ^  in  this  short 

apocrine  sweat  glands  from  various  sites"  fd"entifi?dS1Ve  Studytof  the 
granules  in  70%  of  the  e-lands  pY«rn;  V  u  ldentlfied  iron  containing 
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recently  been  confirmed  by  Bunting  and  others  (39).  A  group  of  in¬ 
vestigators  at  Cornell  University  headed  by  Miss  Frances  Johnston 
has  studied  the  excretion  of  iron  in  the  sweat  of  women.  In  some 
preliminary  work  (40)  the  iron  in  sweat  averaged  about  0.04  mg.  per 
liter.  In  later  experiments  with  more  complete  collection  of  sweat 
(41),  the  average  iron  content  was  six  times  greater,  0.24  mg.  per 
liter,  but  even  in  these  experiments  the  scalp  was  not  included  in  the 
body  washing  as  it  was  in  the  Illinois  work.  Another  approach  to  the 
problem  was  undertaken  by  Adams,  Leslie,  and  Levin  (42),  who  col¬ 
lected  hand  and  arm  sweat  from  human  subjects.  The  untreated  “cell- 
rich”  sweat  contained  on  an  average  seven  mg.  of  iron  per  liter; 
centrifuged  “cell-free”  sweat  contained  from  no  detectable  amount  to 
somewhat  more  than  two  mg.  per  liter,  the  average  for  15  subjects 
being  0.5  per  liter  of  sweat.  The  authors  conclude  that  while  the  loss 
of  iron  in  pure  sweat  may  be  small,  that  arising  from  the  desquama¬ 
tion  of  epithelium  may  be  considerable.  In  any  case  this  evidence  from 
two  laboratories  in  Los  Angeles  discredits,  as  does  the  Illinois  work, 
the  idea  that  the  body  holds  on  to  absorbed  iron  like  a  magnet. 

I  have  discussed  the  question  of  dermal  losses  of  iron  in  man,  not 
only  because  of  its  practical  importance  in  tropical  nutrition,  sug¬ 
gesting  the  advisability  of  increasing  the  content  in  the  diet  of  iron- 
rich  foods,  but  also  because  the  evidence  at  hand  is  being  judged 
(43)  not  on  the  basis  of  its  validity,  but  on  the  basis  of  its  harmony, 
or  otherwise,  with  a  particular  theory  of  iron  metabolism ,  apparently 
it  is  believed  when  a  theory  conflicts  with  a  fact,  the  fact,  not  the 


theory,  must  go. 

Attempts  to  increase  man’s  tolerance  to  heat,  or  to  accelerate  man’s 
acclimatization  to  heat,  by  dietary  modifications  have  not  been  as 
extensive  as  the  importance  of  the  problem  warrants.  No  evidence 
has  been  secured  to  suggest  with  any  assurance  that  modification  of 
the  proportions  of  protein,  carbohydrate  and  fat  in  the  diet  will  im¬ 
prove  heat  tolerance.  There  is  a  belief  in  some  quarters  that  vitamin 
C  in  massive  doses  may  prevent  or  delay  heat  prostration,! sspe  y 

in  industry  (44),  but  the  well-controlled  experiments  of  Hen^^^^^ 
his  associates  at  the  University  of  Minnesota  (45)  have  failed 
substantiate  such  a  sequel  of  ascorbic  acid  dosage. 

The  experience  of  Droese  (46)  on  the  value  of  a  thiamine ^supple- 

ss  assss  s  zsrsii =r ,  v  = 
Hs  j-a*.-.  as.  t 

dicated  objectively  by  high  ^S^  supple- 

under  two  environmental  condit  • ,  reparation.  The  rooms 

ments  of  glucose  or  of  glucose  pi !us  a  ' thi^  Pumidity,  and  at  39°  C. 
were  maintained  at  20 <  -  <  7  not  all  results  secured, 
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cose  alone  or  by  glucose  plus  thiamine,  while  in  the  hot  room  endur¬ 
ance  was  increased  only  by  glucose  plus  thiamine.  The  author  con¬ 
cludes  that  the  thiamine  requirement  is  increased  by  work  in  the  heat, 
not  because  of  increased  sweating,  nor  of  a  diminished  efficiency  of 
muscular  work,  but  probably  because  of  some  circulatory  impairment 
preventing  the  rapid  removal  from  the  muscle  of  intermediary  prod¬ 
ucts  of  sugar  metabolism  that  accumulate  in  the  absence  of  adequate 
concentrations  of  thiamine. 

The  conclusiveness  of  this  experiment  suffers  from  incomplete 
reporting  of  data,  no  description  of  the  basal  diets,  failure  to  analyze 
all  of  the  data  by  statistical  methods,  and  the  frank  admission  by  the 
author  that  not  all  of  the  experimental  subjects  showed  evidence  of 
thiamine  deficiency  while  working  in  the  heat.  The  experiment  is 
suggestive  enough  to  warrant  repetition,  particularly  since  its  ap¬ 
parent  meaning  is  in  line  with  evidence  to  the  same  effect  secured  with 
laboratory  animals. 

Conclusions 


The  experiments  on  human  subjects  just  reviewed  reveal  profound 
effects  of  climatic  stress  on  nutrient  requirements,  but  only  with  refer¬ 
ence  to  food  energy,  water,  and  some  few  of  the  nutrients  lost  to  the 
body  in  sweat.  The  flexibility  of  the  human  body  in  its  physiological 
functioning  is  shown  in  the  processes  of  acclimatization  which  amelio¬ 
rate  the  impacts  of  climatic  stress,  particularly  heat  stress.  By  modi¬ 
fying  his  diet  man  may  instinctively,  or  deliberately,  increase  his 
tolerance  to  cold ;  whether  the  tolerance  to  heat  may  be  similarly 
improved  is  not  so  clear.  It  is  well  to  point  out,  however,  that  this  effect 
of  diet  composition  on  tolerance  to  cold  has  been  demonstrated  only 
by  extreme  distortions  in  the  proportions  normally  existing  among 
the  organic  nutrients  in  the  American  diet. 
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Role  of  the  Field  Test  in  Nutrition  and 
Weather  Stress  Studies" 


Frederick  Sargent,  IIb 

Army  Medical  Nutrition  Laboratory 
and  Department  of  Physiology,  University  of  Illinois 


The  investigator  who  poses  to  nature  an  hypothesis  has  at  his 
disposal  two  experimental  technics  for  obtaining  a  reliable  answer 
under  reasonably  controlled  conditions :  (a)  the  laboratory  experiment 
and  (b)  the  field  test.  The  investigative  procedure  selected  depends 
upon  the  nature  of  the  hypothesis.  In  general,  in  the  laboratory  the 
several  variables  are  more  easily  controlled,  but  natural  conditions 
can  be  reproduced  only  to  a  limited  extent.  When  it  is  a  question  of 
simulating  as  closely  as  possible  some  natural  or  emergency  situation, 
it  is  usually  the  field  test  which  will  yield  the  more  definite  answer. 
In  principle,  the  field  test  has  been  conceived  as  a  means  of  simulating 
environmental  circumstances  so  that  investigations  can  be  conducted 
against  the  most  realistic  background  possible.  Field  testing  has  been 
extensively  practiced  from  this  point  of  view  by  many  agencies  of  the 
Armed  Forces  but  has  principally  been  the  method  of  choice  in  evalu¬ 
ating  the  nutritional  adequacy  of  various  rations  and  in  testing 
devices  of  environmental  protection. 

The  design  and  conduct  of  field  tests  of  rations  have  been  discussed 
elsewhere  (1 ,  2 )  and  need  not  be  reviewed  at  this  time.  The  important 
problems  to  consider  concern  (a)  the  contributions  of  previous  field 
trials  to  the  body  of  knowledge  on  the  role  of  nutrition  under  weather 
stress,  and  (b)  ways  in  which  future  field  tests  may  be  improved  so  as 
to  lead  to  an  ultimate  solution  of  the  unsolved  questions. 


Contributions  from  Previous  Field  Tests 

Two  basic  physiological  generalizations  have  been  made  from  the 
large  amount  of  data  collected  during  the  ration  trials  of  World  War 
II  and  the  years  following.  These  generalizations  have  demonstrated 
that  weather  stress  evokes  definite  physiological  reactions,  that  the 
reactions  are  metabolic  in  nature,  and  that  the  role  of  nutrition 
requires  further  extensive  investigation.  The  generalizations  relate 
to  (a)  caloric  requirements  and  (b)  ketone  body  metabolis  . 

Caloric  requirement  and  temperature.  Johnson  and  kark  (», 
renorted  that  fully  acclimatized  troops  living  under  a  wide  range  of 
Stic  conditions"  voluntarily  consumed  more  calories  m  cold  regions 

jTrhe'opinions  expressed  in  this  paper  are  those  of  the  author,  and  do  not  repre¬ 
sent  the  official  views  of  any  governmental  agency.  tour  q{  active 

n  On  military  leave  of  absc"ce  f ''T,  ^...ulrv'  Wright  Air  Development  Center, 
duty  in  USAF(MC)  ;  Aero-Medical  Laboratory  Wright  A 

Wright-Patterson  Air  Force  Base,  Day  , 
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than  in  warm  areas  (Figure  1).  Keys  (5)  has  calculated,  on  the  basis 
of  their  data,  that  the  caloric  intake  varies  with  temperature  accord¬ 
ing  to  the  formula : 

cal./man/day  =  4660  —  15. 9T, 

where  T  is  the  temperature  in  degrees  Fahrenheit.  More  recently  this 
finding  has  been  confirmed  by  Swain,  et  al  (6).  These  investigators 
made  surveys  of  the  voluntary  food  consumption  by  a  garrison  of 
soldiers  stationed  at  Fort  Churchill,  Manitoba,  Canada.  The  surveys 
were  conducted  during  ten-day  periods  in  November,  February,  and 
April.  The  total  caloric  consumption  increased  with  decreasing  tem¬ 
peratures  and  with  increasing  windchill.  Schor  and  Swain  (7)  made 
surveys  of  voluntary  food  consumption  in  44  Army  messes  during 
May  1945  but  were  unable  to  demonstrate  any  correlation  between 
environmental  temperature  and  voluntary  caloric  consumption.  Since 
all  surveys  were  conducted  in  the  Zone  of  the  Interior  under  condi¬ 
tions  in  which  the  range  of  environmental  temperatures  was  less  than 
in  the  previous  studies,  it  is  doubtful  that  this  study  really  refutes 
the  original  observation  of  Johnson  and  Kark. 

According  to  the  findings  of  Johnson  and  Kark  ( 3 ,  4)  and  Swain, 
et  al  (6),  there  was  no  significant  change  in  the  distribution  of 
calories  between  protein,  carbohydrate,  and  fat  in  relation  to  varia¬ 
tions  of  environmental  temperature.  In  particular,  there  was  no 


evidence  of  the  appetite  for  fat  supposed  to  develop  during  a  sojourn 
in  the  Arctic  nor  was  there  any  decrease  in  the  consumption  of 
protein  in  tropical  regions. 

What  does  this  temperature-calorie  relationship  signify?  The  first 
thought  that  comes  to  mind  is  that  the  relationship  represents  a 
physiological  reaction  to  a  demand  for  greater  heat  production.  Does 
this  demand  arise  from  an  effect  of  the  environmental  temperature 
on  the  basal  metabolism?  Keys  (5)  estimates  that  the  environmental 
temperature  probably  only  alters  the  basal  metabolism  by  ±10%  and 
then  only  under  thermal  extremes.  Presumably  the  change  in  the 
total  metabolism  is  of  the  same  magnitude.  A  far  greater  change  is 
observed  in  the  voluntary  caloric  consumption.  Johnson  and  Kark  ( 3 ) 
attribute  the  relationship  to  (a)  a  greater  caloric  expenditure  for  a 
given  task  in  the  colder  climates  “because  of  the  hobbling  effect  of 
arctic  clothing  and  equipment”  and  (b)  the  need  for  more  heat  in  cold 
climates  to  maintain  thermal  equilibrium.  The  explanation  awaits 
definitive  data,  but  certainly  the  phenomenon  is  of  basic  importance  in 
the  study  of  the  relation  between  nutrition  and  weather  stress. 

Ketone  body  metabolism.  Ketonuria  is  an  almost  constant  finding 
during  ration  trials  conducted  in  Alaska  and  Canada.  This  observa¬ 
tion,  originally  called  to  the  attention  of  the  author  by  Col.  Jack 
Bollerud,  formerly  chief  of  the  Arctic  Aero-Medical  Laboratory,  is  of 
great  interest  and  requires  careful  investigation. 

Ketonuria  was  routinely  measured  in  these  ration  trials  as  a  check 
on  the  adequacy  of  the  caloric  intake.  It  soon  became  apparent  that 
ketonuria  would  appear  whether  or  not  the  test  subjects  were  in 
caloric  balance.  This  curious  phenomenon  attracted  the  attention  of 
such  investigators  as  Col.  Bollerud,  Dr.  R.  M.  Kark,  and  Dr.  R.  E. 
Johnson  and  prompted  the  author  to  make  a  detailed  review  of  the 
data  on  ketonuria  contained  in  all  available  reports  on  ration  trials 
and  nutritional  surveys.*'  Data  were  available  in  three  types  of  field 
investigations:  (a)  trials  in  which  the  troops  performed  regular 
tactical  exercises,  (b)  trials  in  which  the  troops  performed  no  tactical 
exercises,  and  (c)  nutritional  surveys.1 


Trials  in  Which  Troops  Performed  Regular  Tactical  Exercises 

1.  Prince  Albert  trials,  winter,  19U  ( 9 ).  A  wide  variety  of  pack¬ 
aged  rations  was  tested.  Because  of  the  influence  of  biscuits  in  t  e 
if  S  rations  on  the  urinary  excretion  of  nitroprusside  positive  sub- 


c  A  preliminary  report  has  been  published  elsewhere  (8).  , 

"In  none  of  the  trials  t.  ^"^*00 

indices  of  the  relative  rate  of  excrei f  and  strongly  positive 

ences  between  weakly  positi  e  4-  ent  small  and  large  increases  in 

(3+  and  4+)  reactions  may  be  assumed  to  repiesent  small  anu  s 

the  rate  of  excretion  of  ketone  bodies. 
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stances  (0),  only  data  obtained  during  the  testing  of  the  British 
Mountain  (Arctic),  Composite  (14  Men),  and  24-Hour  Rations  and 
Canadian  Mess  Tin  Ration  will  be  presented. 

The  test  troops  for  these  trials  were  chosen  from  a  seasoned  opera¬ 
tional  infantry  regiment.  The  troops  were  divided  into  four  platoons 
and  the  rations  were  tested  four  at  a  time  in  three  successive  test 
periods  (T,,  T2,  and  T3).  The  duration  of  each  test  period^was  ten 
days.  Between  test  periods  the  subjects  were  given  one  week’s  rest  in 
barracks  on  a  normal  diet  (Standard  Canadian  Army  Ration)  which 
supplied  approximately  5130  cal. 

Prior  to  the  trials  the  test  troops  went  on  conditioning  marches. 
During  the  actual  ration  trials,  the  subjects  participated  in  operations 
designed  to  simulate  battle  conditions.  On  the  last  two  days  of  each 
test,  forced  marches  of  45,  55,  and  65  miles,  respectively,  were  carried 
out.  “The  tactical  plans  were  arranged  to  produce  equal  energy  ex¬ 
penditure  in  all  platoons  in  all  teste  .  .  .  the  troops  lived  and  worked 
entirely  in  the  field,  to  the  north  of  Prince  Albert,  sleeping  in  two- 
man  tents  and  using  Coleman  two-man  stoves  ...  as  the  sole  source 
of  heat  except  when  wood  fires  were  specifically  ordered  by  the  opera¬ 
tional  officer  to  maintain  operational  efficiency.” 

A  summary  of  the  rations  used  and  of  the  caloric  balances  during 
the  various  trials  is  given  in  Table  1.  In  all  cases  the  data  represent 
averages.  In  all  these  tests  small  negative  caloric  balances  occurred 
with  resulting  weight  loss. 


Ketonuria  was  measured  on  a  morning  (a.m.)  and  an  afternoon 
(p.m.)  urine  specimen  collected  from  each  man.  The  method  of  analy¬ 
sis  was  that  of  Rothera  (10).  Control  urine  specimens  were  collected 
bef oi  e  the  actual  tests  began.  In  general  no  tactical  exercises  were 
performed  on  the  last  day  of  each  test.  Days  on  which  forced  marches 
were  made  are  designated  by  the  open  circles  in  Figures  2a  and  2b. 

a.  British  21^-Hour  Ration;  British  Composite  Ration;  British  Arc¬ 
tic  Ration  (Figure  2a).  Platoons  1,  2,  and  4  were  used  and  these 
rations  were  tested  during  the  second  series  (T2).  During  the  field 

-2?°  Fhn  tef^Prahre  ranged  from  ~31°  t0  +33°  F  >  averaging 
area  first  day  in  theufield  the  troops  prepared  their  bivouac 

area  Tactical  exercises  were  begun  on  the  second  day.  The  forced 

march  was  undertaken  on  the  eighth  and  ninth  days  The  caloric 
^afn"nHd  expe^ditures  were  maintained  constant  up  to  the  time  of 
£  British'^-Hou^Ration^Tabl?  ff  4,  whLh  subsist  o°n 

these  men  worked  hard  expending  5000  to  *5200  ^  th™ugh  Day  4 
suming  only  4400  cal  dpi  1  AfV  i  °°  CaL  per  day  and  con' 
moderated  to  about  4800  ca/and^hp  l°Urth  day  the  work-load 
Per  day.  On  the  eighthandninth  davstl  /  t0  4900  cak 

The  caloric  balance  for  the  entile  *5  f°rCed  march  took  P^ce. 
cal./man/day.  '  Gntlre  penod  was  approximately  -200 
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The  ketonuria  exhibited  by  the  men  of  these  platoons  varied  in  a 
similar  fashion  (Figure  2a) .  The  percentage  of  men  showing  Rothera- 
positive  urines  increased  to  maxima  by  the  fourth  to  seventh  days. 
Following  the  maxima  the  percentages  fell  to  control  values  before 
the  forced  march  was  made.  The  forced  march  regularly  produced  a 
second  marked  ketonuria.  Four-plus  reactions  were  frequently  noted 
during  the  periods  when  the  percentages  were  high. 

b.  Canadian  Army  Mess  Tin  Ration  (Figure  2b).  This  ration  was 
tested  twice  (T,  and  T.s).  In  the  first  test  Platoon  3  was  used;  in  the 
second,  Platoon  2.  During  the  field  phase  of  T,  the  temperature  ranged 
from  —13°  to  4-42°  F.,  averaging  20.3°  F.  During  the  field  phase  of 
T;},  the  range  was  —14°  to  -j- 27°  F.,  and  the  average  was  9.3°  F.  In 
both  tests,  the  troops  established  and  readied  their  bivouac  areas  on 
Day  1.  Tactical  exercises  began  on  Day  2.  In  Tt  the  forced  march 
was  on  Days  8  and  9 ;  in  T3  on  Days  9  and  10. 

During  the  first  test  the  percentages  of  men  showing  ketonuria 
followed  an  erratic  course.  At  no  time  were  the  percentages  high. 
No  four-plus  reactions  occurred,  two-plus  being  the  maximum.  There 
was  no  evident  downward  trend  in  the  percentages  toward  the  end  of 


the  test  period.  In  the  second  test  of  this  ration,  the  percentages  of 
men  showing  Rothera-positive  urines  varied  in  a  more  regulai  fashion. 
The  maximum  percentage  occurred  between  the  third  and  four 
days  After  the  fifth  day  no  further  positive  specimens  were  noted 
until  the  termination  of  the  forced  march.  Again  only  a  few  men  had 
ketonuria.  Four-plus  reactions,  however,  were  noted  on  the  second 
and  tenth  days.  The  striking  finding  was  the  fact  that  lower  per¬ 
centages  occurred  during  T;i  than  T( ;  i.e.,  fewer  men  had  ketonuria. 

c.  Muscular  exercise  and  ketonuria  during  the  Prince  Albert  trials. 
Two  facts  stand  out  in  the  data  collected  during  these  trials:  (a)  the 
incidence  of  ketonuria  increases  after  exercise  and  (b)  the  incidence 
of  ketonuria  seems  to  be  a  measure  of  adaptation  to  the  conditions  of 
the  ration  trial  (work,  exposure  to  cold,  psychic  trauma,  etc.).  These 
facts  are  illustrated  in  Figures  2a  and  2b. 


In  these  trials  specimens  of  the  urine  were  collected  from  the  test 
subjects  early  in  the  morning  (a.m.  specimen)  after  a  night’s  rest 
and  late  in  the  afternoon  (p.m.  specimen)  after  a  day  of  marching. 
A  study  of  Figures  2a  and  2b,  demonstrates  that,  in  general,  the 
incidence  of  ketonuria  was  higher  among  the  specimens  of  urine  col¬ 
lected  after  marching  than  among  those  collected  after  resting.  Furth¬ 
ermore,  during  the  period  of  forced  marching,  there  was  regularly  a 
large  increase  in  the  percentages  of  men  showing  ketonuria.  These 
observations  suggest  that  healthy  young  men  consuming  three  regular 
meals  will,  after  prolonged  work,  exhibit  a  significant  ketonuria. 


That  the  incidence  of  ketonuria  may  be  a  measure  of  adaptation 
to  the  stresses  of  a  ration  trial  is  suggested  by  the  data  in  Figure  2b. 
In  the  first  place,  less  ketonuria  developed  during  the  second  trial  of 
the  Canadian  Army  Mess  Tin  Ration  than  during  the  first.  Although 
different  platoons  of  men  were  used  in  the  two  trials,  those  taking 
part  in  the  second  trial  had  already  been  subjects  in  two  preceding 
trials  of  other  rations.  The  results  suggest  that  a  metabolic  adjust¬ 
ment  had  occurred  during  these  previous  trials.  The  question  arises 
whether  or  not  a  similar  reaction  would  appear  when  the  same  platoon 
was  successively  tested  on  two  different  rations.  The  second  platoon 
subsisted  during  the  second  test  (T,,)  on  the  British  Composite  Ration, 
unng  the  third  test  (T,)  these  men  ate  the  Canadian  Army  Mess 
m  Ration.  The  incidence  of  ketonuria  among  these  men  during  the 
two  tests  is  compared  in  Figure  2b.  It  is  at  once  evident  that  fewer 
men  had  ketonuria  during  the  third  trial  than  during  the  second 

factrth?ftatl°n  01  data  iS  somewhat  complicated,  however,  by  the 

allv  h^  lpmeii?nSUmin?  the  Canadian  Army  Mess  Tin  Ration  gener- 
y  h&d  less  ketonuria  than  men  consuming  the  other  rations  Tt 

th.  „„  „  attributed 
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TABLE  1 

Rations  Used  During  Three  Tests  and  Average  Caloric  Intake,  Output,  and  Balance,  and  Weight  Loss  per  Man  per  Day, 

Prince  Albert  Trials,  1914 
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f  November  (Fort  Knox)  and  February  (Fort  Churchill). 


Other  evidence  for  adaptation  to  the  conditions  of  a  ration  trial  is 
exhibited  in  the  general  course  of  the  curve  of  the  daily  incidence  of 
ketonuria.  In  all  cases,  the  curve  had  returned  to  control  levels  before 
the  end  of  the  trial.  This  adaptation,  however,  seems  to  be  rather 
specific,  for  when  the  work-load  was  increased  (the  forced  marches 
at  the  end  of  each  trial)  the  incidence  of  ketonuria  regularly  mounted 
to  high  levels. 

2.  Fort  Knox — Fort  Churchill  trials,  fall,  19^7 — spring,  19 U8  (11) . 
This  project  was  an  intensive  physiological  and  psychological  investi¬ 
gation  of  seven  healthy  soldiers.  Their  reactions  during  a  bivouac 
exercise  in  a  temperate  climate  were  compared  with  their  reactions 
during  a  similar  exercise  in  an  arctic  climate. 

Seven  healthy  soldiers  served  as  subjects  over  an  8V2-month 
period  (Sept.  1947-May  1948).  Their  average  age,  height,  and  weight 
were  24  years,  67.9  kg.,  and  171.7  cm.,  respectively.  During  September 
and  October  the  test  subjects  were  given  various  tests,  conditioned 
physically  by  road  marches  without  packs,  and  trained  in  procedures. 
In  mid-November  the  first  bivouac  exercise,  lasting  14  days,  was  con¬ 
ducted  at  Fort  Knox,  Kentucky.  The  subjects  were  at  Fort  Churchill, 

Canada,  from  1  January  to  1  April  1948.  In  February,  the  second _ a 

13-day  bivouac  exercise — was  conducted. 


Except  during  these  exercises,  the  test  subjects  lived  in  comfort¬ 
able  barracks  and  subsisted  on  regular  mess  rations  and  items  pur¬ 
chased  at  post  exchanges.  During  the  Fort  Knox  bivouac  exercise,  the 
men  lived  in  warm  but  segregated  barracks.  At  Fort  Churchill  they 
lived  in  three-man  arctic  tents  pitched  on  open  terrain.  Each  tent  was 
provided  with  a  lining,  an  oil-burning  stove,  and  a  gasoline  lantern 
A  Coleman  stove  was  furnished  each  man  for  cooking.  During  both 
bivouac  peri°ds  the  subjects  subsisted  on  the  Individual  Combat 
Ration  (C-2) .  They  were  given  free  choice  of  the  kind  and  quantity 
of  items  eaten  and  the  daily  intake  was  carefully  recorded. 

At  Fort  Knox  the  subjects  worked  daily  (except  Sundays)  accord 
mg  to  a  fixed  schedule.  They  marched  three  periods  in  the^ ^  morning' 
and  two  periods  in  the  afternoon  carrying  42-pound  packs  The 
periods  were  45  to  50  minutes  long.  Marching  on  paved  roads  t£e 
test  subjects  covered  13  to  15  miles  a  dav  At  TPnvt  l*h  •  ’ 

wUhlu^packs11  eorneiyWoneahbourZtndthen^ ^  me"  al°ng  a  ro"d 

noon.  On  the  fifth  dav  the  hivnimn  °rmng  ar»d  again  in  the  after¬ 
sixth  day  the  men  spent  three  hn»  WaS  re?tored  t(?  order-  From  the 
caves  and  building  snowhouses  D^n^th™0™1^  digging  snow 
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action  (as  described  by  Hawk,  P.  B.,  et  al.  Practical  Physiological 
Chemistry,  12th  edition,  Blakiston,  Philadelphia,  1947). 

The  investigators  make  the  following  significant  observation  re¬ 
garding  changes  in  intermediary  metabolism  observed  during  the  two 
bivouac  exercises :  “Assuming  that  muscle  metabolism  was  equivalent 
in  the  two  bivouac  exercises  because  the  daily  energy  expenditures 
were  the  same  (Table  2),  differences  in  intermediary  metabolism 
could  have  been  caused  by  differences  in  food  intakes  and  differences 
in  environmental  stress.  Caloric  deficits  and  corresponding  weight 
losses  were  considerably  greater  at  Fort  Knox  than  at  Fort  Churchill. 
The  average  caloric  intake  at  Fort  Knox  was  2700  cal./man/day  and 
at  Fort  Churchill  3600  cal.  man/day,  an  average  difference  of  900  cal. 
(range,  360  to  1650  cal.).  Nevertheless,  the  proportion  of  energy 
from  ingested  proteins,  fats,  and  carbohydrates  was  not  significantly 
different  in  the  two  bivouacs  (Table  2).  Hence,  it  can  be  concluded 
that  there  was  more  metabolism  of  fat  at  Fort  Knox  than  at  Fort 
Churchill  and  that  this  fat  was  obtained  from  storage  and  not  from 
ingested  food.  The  higher  rate  of  fat  metabolism  at  Fort  Knox,  how¬ 
ever,  was  never  reflected  by  the  appearance  of  ketones  in  the  urine. 
On  the  other  hand,  despite  the  lower  rate  of  fat  yyietabolism  at  Fort 
Churchill,  all  men  there  showed  trace  quantities  of  urinary  ketones 
almost  every  day  starting  on  the  third  day  in  bivouac.  (Italics  are  the 
reviewer’s.)  Hence,  it  appears  that  the  environmental  stress  (perhaps 
the  cold)  at  Fort  Churchill  somehow  produced  a  slight  alteration  in 
fat  metabolism.” 
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3.  Arctic  Winter  Ration  trials,  1950  (12,  13).  The  experimental 
Arctic  Trail  Ration  (AT-1)  was  tested  in  the  vicinity  of  Fairbanks, 
Alaska,  during  the  period  12  February  to  4  March  1950.  Forty-five 
test  subjects  were  divided  into  three  groups:  Group  I  (15  men)  com¬ 
prised  the  control  group"  and  subsisted  on  the  Individual  Combat 
Ration  (C-4)  supplemented  with  one  or  more  Individual  Assault 
packets;  Groups  II  and  III  (15  men  each)  subsisted  on  the  Arctic 
Trail  Ration  (AT-1).  The  trial  was  divided  into  four  phases:  (a)  a 
control  phase  of  two  days  during  which  time  the  men  subsisted  on 
5-in-lB  and  engaged  in  light  activity,  (b)  trail  phase  I  during  which 
time  the  subjects  engaged  in  regular  tactical  exercises  simulating 
patrol  and  reconnaissance  duty  and  making  and  breaking  camp,  (c)  a 
mid-test  control  phase  with  conditions  similar  to  (a),  and  (d)  trail 
phase  II  with  conditions  similar  to  (b). 


Two  12-hour  specimens  of  urine  were  collected  daily :  one  from 
0700  to  1900  hours  representing  the  period  of  active  work  and  the 
other  from  1900  to  0700  hours  representing  the  period  of  rest.  The 
individual  specimens  were  analyzed  by  the  Rothera  reaction  (10) .  The 
urinary  excretion  of  nitroprusside  positive  substances  varied  con¬ 
siderably  during  the  different  phases  of  the  ration  trial.  Both  the 
percentage  of  samples  which  were  positive  by  the  Rothera  reaction  and 
also  the  intensity  of  the  reaction  changed  as  the  trial  progressed. 


Changes  observed  in  the  percentage  of  the  daily  urinary  samples 
which  were  positive  for  nitroprusside  substances  are  depicted  in 
Figure  3.  Several  significant  findings  are  brought  out :  (a)  The  three 
groups  showed  similar  trends,  (b)  During  the  periods  of  relative  in- 
actrvuty  (pre-test  control  phase  and  mid-test  control  phase)  very  few 
of  the  urinary  samples  showed  ketonuria.  (c)  During  the  trail  phases 
when  the  subjects  were  engaged  in  strenuous  muscular  exertion  a 

ZSZTST*?  the  urinary  specimens  showed  a  positive  Rothera 
reaction.  (d)  More  specimens  were  positive  during  the  first  trail 
Phase  than  durmg  the  second,  especially  in  the  cases  of  Groups  I  and 

increased  ranid I v  to  P  the. Percentage  of  positive  specimens 

(f>  In  the  second  trail  phase  the  changes  were  less  uniform  lo  on 

disappeared^ 'by'the^nd 

Phase  of  the test (g)  During the  first  't°"S,  T*  °iSerVed  duri"8  .the 
the  highest  percentage  of  Rothera  positive*  ^  •  roup  IN  exhibited 
second  trail  phase  Group  II  assumed  th  sp.!cimena-  Duri"g  the 
brought  about  principals  thrnnlh  *  V  P°Sltlon-  This  shift  was 
Hand  III.  It  was ?he  impress,Vm  of  the  m the  leaders  of  Groups 
the  leader  of  Group  III  was  workine-  his  embe”  the  test  team  that 

°f  Gr°UP  11  The  —  Sft 
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ning  the  second  trail  phase.  The  results  demonstrate  clearly  that  the 
type  of  leadership  had  exerted  a  significant  influence  on  the  proportion 
of  men  excreting  nitroprusside  positive  substances. 

The  over-all  results  suggested  that  a  major  change  occurred  during 
the  course  of  the  trial  in  the  metabolism  of  fatty  acid  derivatives.  The 
above  picture  was  qualitative  and  hence  may  have  been  misleading. 
Nothing  was  revealed  about  how  individual  subjects  reacted  to  the 
conditions  of  the  ration  test.  It  behooved  one,  therefore,  to  look  for  a 
more  quantitative  expression  of  the  above  changes  in  the  individual 
subject.  Such  data  were  available  in  the  variations  in  the  intensity 
of  Rothera  reaction.  Although  admittedly  subjective,  an  analysis 
yielded  evidence  which  indicated  that  individual  subjects  did  react 
similarly  to  the  group  as  a  whole.  Assuming  that  the  depth  of  the 
color  developed  in  the  Rothera  reaction  was  an  index  of  the  quantity 
of  ketone  bodies  excreted,  examination  of  the  individual  data  on 
ketonuria  showed  that  55%  of  the  men  excreted  more  ketone  bodies 
in  the  first  trail  phase  than  in  the  second.  The  distribution  by  groups 
was:  Group  I,  43%  ;  Group  II,  26%  ;  and  Group  III,  93%. 


Trials  in  Which  the  Troops  Performed 
No  Regular  Tactical  Exercises 

1.  Camp  Shilo  trials,  winter,  1948.  A  detailed  report  of  these 
ration  trials  has  been  published  by  the  staff  of  the  Medical  Nutrition 
Laboratory  (14).*  The  following  remarks  are  based  on  that  report 
and  on  unpublished  data  made  available  to  the  author. 

These  trials  tested  two  new  rations  and  the  metabolic  reactions  of 
soldiers  acclimatized  to  heat  who  were  abruptly  exposed  to  very  cold 
weather  conditions.  Thirty-two  volunteer  Air  Force  enlisted  men,  who 
had  acclimatized  to  Florida  winter  conditions  (mean  temperature, 
-f-57°  F.)  and  who  were  unaccumstomed  to  cold  weather,  were  trans¬ 
ported  by  air,  without  lay-over  to  Rivers  Field,  Manitoba,  Canada, 
and  then  by  truck  to  Camp  Shilo.  Near  Camp  Shilo  they  were  placed 
in  a  simulated  survival  situation  in  bivouac  for  12  days^during  which 
period  the  mean  temperature  was  —3°  F.  (range,  —45°  to  +26°  F.) 
Afterwards  they  were  “rescued”  and  for  three  days  recovered  in 
warm  barracks  ‘  (mean  temperature,  +75°  F.).  During  the  bivouac 
period  the  test  subjects  had  adequate  tentage,  clothing,  personal 
equipment,  and  fuel.  The  average  daily  food  consumption  by  these 
men  is  shown  in  Table  3  for  the  various  phases  of  the  trial.  # 

Throughout  the  bivouac  period  the  troops  engaged  in  sufficient 
physical  activity  to  keep  themselves  warm.  The  daily  caloric  expen ■  }~ 
ture  ranged  from  2800  to  3600  cal.  per  man  per  day.  During  this 
oeriod  the  activities  were  related  to  (a)  “survival,  (b)  various  te 
irur  procedures  and  (c)  voluntary  activity  during  periods  of  leisure. 
Every  morning  and  sometimes  in  the  afternoon  the  test  subjects  were 

b  The  publication  of  Bly,  et  al.  (15)  summarized  the  important  findings. 
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TABLE  3 

Rations  Used  and  Average  Daily  Food  Consumption  by  Four  Groups  During  Three  Phases  of  Winter 

Trials,  Camp  Shilo,  Manitoba,  1948 
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transported  five  miles  to  the  laboratory.  They  were  allowed  to  hike 
all  or  part  way  back  to  the  bivouac  area.  Sustained  strenuous  activity 
was  not  permitted. 

In  spite  of  the  limited  activity,  three  groups  (I,  II,  and  III)  were 
in  negative  caloric  balance  during  the  bivouac  period  (Table  4).  As  a 
consequence,  these  men  lost  from  3.8  to  4.9%  of  their  body  weight. 
Group  IV  received  adequate  calories  and  lost  very  little  weight  (Table 
4) .  During  the  recovery  period,  all  groups  returned  to  positive  caloric 
balance  and  rapidly  regained  the  lost  weight. 


TABLE  4 

Calobic  Balance,  Weight  Loss,  and  Incidence  of  Ketonubia  Dubing  Bivouac  and 
Recoveby  Pebiods.  Winteb  Tbials,  Gamp  Shilo,  Manitoba,  1918 


Period 

Group 

Caloric 

balance 

Per  cent 
weight  loss 

Koetnuriah 

Bivouac . 

I 

-1 ,770 

-4  .9 

54 

II 

-1  ,290 

-4  .5 

27 

III 

-1  ,230 

-3  .8 

60 

IV 

+840 

-0.4 

21 

Recovery . 

All 

+ 

+ 

0 

h  Average  percentage  of  group  showing  ketonuria. 


Excretion  of  nitroprusside  positive  substances  in  the  24-hour 
urines  was  measured  by  the  method  of  Rothera  (10).  Data  are  avail¬ 
able  on  the  daily  incidence  of  ketonuria  during  the  bivouac  and  recov¬ 
ery  periods.  During  the  bivouac  period  all  groups  showed  an  oc¬ 
casional  significant  percentage  of  men  with  true  acetonuria.  This  dis¬ 
appeared  in  all  groups  during  the  72-hour  recovery  period.”  Ketonuria 
certainly  would  have  been  expected  in  the  three  groups  which  were  in 
negative  caloric  balance.  Why  Group  IV,  which  was  in  positive  caloric 
balance,  excreted  ketone  bodies  could  not  be  accounted  for. 

Variations  in  the  daily  incidence  of  ketonuria  in  the  four  test 
groups  during  the  bivouac  and  recovery  periods  are  shown  in  Figure  4. 
Two  significant  facts  stand  out.  In  the  first  place,  there  is  a  striking 
similarity  between  the  trends  for  these  1948  winter  trials  and  the 
1944  and  1950  winter  trials  (Figures  2a,  2b,  and  3).  In  general, 
the  trend  was  a  rapid  (Groups  I  and  II)  or  slow  (Groups  III  and  ) 

increase  in  the  percentage  of  men  excreting  nltroPrus^^  p”sf' lt‘^ 
substances  followed  by  a  decline  to  almost  zero  by  the i  end  of  the 
bivouac  period.  Urines  showing  four-plus  reactions  tended  to  occu 
early  in  the  bivouac  period.  The  intensity  of  the  individual  reactions 
generally  declined  as  the  trial  progressed.  No  positive  tests  were  - 
served  during  the  recovery  period.  In  the  second  place,  ere  is 
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recovery 

_ BIVOUAC  PRASE  *'1  PHASE 


Figure  4. 
Percentage  of  men 
showing  ketonuria 
at  Camp  Shilo 
trials. 


suggestive  relation  between  the  caloric  balance  and  the  time  taken 
for  the  curve  showing  the  incidence  of  ketonuria  to  reach  a  maximum. 
The  data  suggest  that  the  more  negative  the  caloric  balance,  the  more 

rapidly  did  the  curve  reach  its  maximum. 

2  . Alaskan  field  trials,  191*8.  A  detailed  report  of  these  ration 
trials  has  been  published  by  Frantz  (16).  The  following  remarks  are 
based  on  that  report  and  on  unpublished  data  on  ketonuria  supplied 
through  the  courtesy  of  Dr.  Everett  Bowdon,  biochemist,  Arctic  Aero- 
Medical  Laboratory. 

The  subjects  used  in  this  study  were  volunteers  from  the  Alaskan 
Air  Command.  Prior  to  the  test,  they  had  been  subsisting  on  a  stand¬ 
ard  garrison  menu.  The  rations  used  during  the  test  are  detailed  in 
Table  5.  The  water  intake  was  restricted  to  800  ml.  per  day.  The 
subjects  were  issued  regulation  clothing  and  equipment  and  during 
the  trial  lived  in  tents  in  the  field.  The  temperatures  during  the  trial 
ranged  from  —40°  to  -j-10°  F. 

The  activities  engaged  in  by  the  troops  were  similar  to  those  which 
might  be  encountered  in  a  survival  situation  :  making  camp,  signaling, 
hunting,  fishing,  chopping  wood,  cooking,  and  keeping  comfortable. 
Caloric  expenditures  ranged  from  2423  to  3063  cal./man/day. 

Urines  (24-hour)  were  collected  on  alternate  days  in  plastic  water 
bags  and  analyzed  for  nitroprusside  positive  substances  by  means  of 
Acetone  Test  (Denco).1 


'Acetone  Test  (Denco),  powder  composed  of  the  following  active  ingredients: 
sodium  nitroprusside,  ammonium  sulfate,  and  sodium  carbonate. 

143 


TABLE  5 

Average  Daily  Intake  of  Calories,  Protein,  Carbohydrate,  and  Fat  During 
Field  Phase,  Alaskan  Winter  Trials,  1948 


Group 

Ration 

Calculated  Intake/man/day  (Average) 

Calories 

Protein 

Carbo¬ 

hydrate 

Fat 

I 

USAF  Emergency  Ration 

(Developmental)  .  . . 

3  ,613 

143 

467 

130 

II 

Parachute  Emergency 

Ration . 

2,166 

47 

319 

78 

III 

Combat  Ration  Type  E .  . 

933 

21 

137 

28 

IV 

No  Food  (Fasted) . 

0 

0 

0 

0 

A  total  of  20  subjects  was  selected  from  the  volunteers.  Six  sub¬ 
jects  dropped  out  of  the  tests  at  various  times  for  one  of  several 
reasons.  Because  of  the  small  numbers  of  men  in  each  group,  it  is 
rather  difficult  to  interpret  the  data.  Another  shortcoming  was  the 
collection  of  urine  on  alternate  days.  Allowing  for  these  complications 
the  following  conclusions  may  be  drawn. 

As  shown  in  Table  6,  with  increasing  caloric  deficiency,  there  was 
increasing  weight  loss  and  a  tendency  to  increased  ketonuria.  Group 
IV  showed  dehydration  and  so  was  withdrawn  from  the  test  on  the 
seventh  day. 


TABLE  6 

Weight  Change,  Caloric  Balance,  and  Maximum  Ketonuria,  Alaskan  Winter 

Trials,  1948 


Per  cent 

Caloric 

Maximum 

Group 

weight  change 

balance 

ketonuria 

I 

2  .7 

+648  i 

+ 

II 

-5.5 

-498  i 

+ 

III 

-7.6 

-1 ,636  i 

2  + 

IV . 

-8.1 

-2  ,423k 

4  + 

j  Average  for  4th-10th  day. 
k  Average  for  4th-6th  day. 


Ketonuria  developed  rapidly  in  all  groups  (Figure  5),  but  only 
Group  IV  developed  four-plus  reactions.1  Results  of  this  trial  suppoit 
the  data  of  trials  already  described.  The  maximum  percentages  o 
men  showing  ketonuria  occurred  early  in  the  trial.  Following  the 


i  Data  on  Group  IV  are  not  shown  in  Figure  5. 
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Figure  5. 

Incidence  of  ketonuria  at  Alaskan  field 
trials. 


maxima,  there  was  a  general  decrease  toward  zero  in  all  troops  Sine 

trendTs°  doubtf  uT&  “  TGr°Up.  ^  after  the  sixth  theTermina 

^  doubtful  Group  I  receiving  an  adequate  supply  of  calorie 

the  decreased  ketonuria  Other  ,  1  the  cause  0 

more  constant  showed  a  similar  decrease.  °ne  expendlture  wa 

been  pubhshtdAbVDymeJ(t7)  V thl^VT"!  °f  theSe  trials  ha 

were  tested  under  conditions  trial.s  two  survival  ration 

a  crash  landing.  The  field  phase  of  the  “t  S“''vlval  situation  followini 
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Eighteen  volunteers  spent  four  days  at  Ladd  Air  Force  Base 
undergoing  indoctrination  and  a  variety  of  physiological  and  psycho¬ 
logical  tests.  This  period  was  the  pre-test  or  standardization  phase 
of  the  trials.  During  this  period  the  subjects  subsisted  on  Individual 
Combat,  In-Flight  Food  Packet,  IF-2,  which  provided  about  3600  cal. 
per  day,  and  a  constant  intake  of  water  of  1600  ml./man/day. 

Following  the  standardization  the  subjects  were  flown  to  Blair 
Lake.  There  they  were  divided  into  two  groups  of  nine  men.  During 
the  ten-day  field  phase  Group  I  subsisted  on  Individual  Survival  Food 
Packet,  SA-1,  and  Group  II,  on  Survival  Food  Packet,  ST-1.  Each 
man  was  allowed  only  1000  ml.  of  water  per  day,  which  was  obtained 
from  melted  snow  and  ice.  The  activity  of  the  men  was  limited  to  that 
which  was  concomitant  with  survival. 

The  weather  of  the  field  phase  was  variable.  There  were  several 
snow  storms  accompanied  by  moderately  strong  winds.  The  maximum 
temperature  ranged  between  —3°  and  -(-35°  F.  while  the  minimum 
temperature  ranged  from  —20°  to  -j-28°  F. 

After  the  field  phase,  the  test  subjects  were  returned  to  Ladd  Air 
Force  Base  where  for  four  days  they  were  rehabilitated  (recovery 
phase).  They  consumed  the  standard  mess  hall  regimen  as  desired. 
Water  intake  was  not  restricted.  During  this  phase  a  variety  of  tests 
was  conducted  to  assess  acclimatization,  the  adequacy  of  the  rations, 
and  so  on. 

Comparative  composition  of  the  rations  used  is  shown  in  Table  7. 
From  this  table  it  is  evident  that  during  the  pre-test  phase,  the  sub¬ 
jects  of  both  groups  were  provided  with  an  adequate  diet.  During  the 
field  phase  both  groups  subsisted  on  rations  which  were  deficient  in 
calories,  protein,  and  fat.  No  fat  was  provided  by  ST-1.  This  same 
ration  also  only  provided  minimal  amounts  of  carbohydrate. 

Caloric  balances  and  weight  changes  which  were  obtained  during 
the  ten-day  field  phase  are  summarized  in  Table  8.  Both  groups  en- 


COMPARATIVE 


TABLE  7 

Composition  of  Rations  Used  During  the  Blair  Lake  Trails,  1950 


Composition  (as  issued) 

Group 

Ration 

Calories 

Protein 

Fat 

Carbohydrate 

I  and  II 

I 

II 

IF-2  m 

SA-1 

ST-1" 

1 ,271 

1  ,827 

1  ,435 

g- 

40 

50 

3 

g- 

45 

66 

0 

g- 

184 

258 

352 

m  Average  composition  of  seven  menus.  Three  menus 
approximately  3,600  cal. 

n  Only  one-third  of  this  ration  was  issued  per  day. 
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gaged  in  relatively  little  activity.  The  caloric  balances  were  negative 
in  each  and  proportional  to  the  caloric  intake.  Weight  losses  were 
proportional  to  the  caloric  balance. 

TABLE  8 

Average  Caloric  Balances  and  Weight  Changes  Observed  During  Field  Phase 

of  Blair  Lake  Trials,  1950 


Caloric 

Caloric 

Caloric 

Weight 

Group 

intake^ 

output p 

balance 

lossq  (lbs.) 

I 

1 ,330 

2,877 

-1  ,547 

6  .5 

II 

478 

2,893 

-2,475 

11 .2 

0  Estimated  from  food  consumption  records. 

P  Estimated  from  diaries  of  daily  activity. 

Q  Total  weight  loss  in  the  field  phase. 

Throughout  the  trial,  the  18  subjects  collected  daily  24-hour  speci¬ 
mens  of  urine.  Among  other  measurements,  the  amount  of  ketonuria 
was  assayed  qualitatively  by  the  nitroferricyanide  spot  test  (Stanley. 
Am.  J.  Med.  Tech.,  Jan.  1943).  The  percentage  of  men  showing  keton¬ 
uria  was  calculated  from  the  original  data  of  the  report  (Figure  6). 

Examination  of  this  figure  brings  out  several  significant  facts : 
(a)  Ketonuria  occurred  in  both  groups  of  men  prior  to  beginning  the 
field  phase,  (b)  The  percentage  of  men  showing  ketonuria  increased 
rapidly  to  a  maximum  after  beginning  the  field  phase,  (c)  Before  the 
end  of  the  trials,  there  was  a  definite  decrease  in  the  incidence  of 
ketonuria.  This  decrease  was  especially  noteworthy  in  Group  I,  the 

group  having  a  smaller  negative  caloric  balance,  (d)  Ketonuria  rap¬ 
idly  disappeared  during  the  recovery  phase,  (e)  Four-plus  reactions 
were  observed  throughout  the  period  of  maximal  ketonuria.  Only  one 
man  in  Group  I  showed  four-plus  ketonuria,  whereas  in  Group  II  as 
many  as  six  men  showed  four-plus  reactions  on  certain  days  The 

°i  ,hS  fer“nta«e  of  me"  who  developed  four-plus  ketonuria 
followed  closely  the  curve  shown  for  Group  II  (Figure  6). 

Miscellaneous  Data  on  Ketonuria  Observed  During 
Other  Ration  Trials  and  Nutritional  Surveys 

In  addition  to  the  data  presented  above,  information  is  also  avail 
able  from  other  ration  trials  and  nutritional  surveys  ”n  which  on  v 

compared  with  some  of  the  data  from  7  ,  m  Table  9  and 

In  all  cases  the  latter  are  the  control  Hof  \  ^ia  s  already  described. 

specimens  collected  before  the  troons  vfoH^^  °n  analyses  of  urinary 
ditions.  6  troops  had  been  exposed  to  field  con- 
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TABLE  9 

Ketonuria  as  Observed  in  Ration  Trials  and  Nutritional  Surveys  in  Various  Climates 
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and  Canadian  Army  Monopack  Ration  (Arctic). 

8  C  =Calories;  P  =g.  protein;  CH0  =g.  carbohydrate;  F  =g.  fat. 


Table  9  shows  location  and  season  of  the  tests,  rations  used  by  the 
troops,  type  of  work  in  which  they  were  engaged,  and  the  percentage 
of  specimens  examined  which  were  Rothera  positive.  In  only  one 
trial  had  the  men  been  working  hard.  In  this  test  the  K-ration  was 
studied.  The  urinary  specimens  were  collected  at  the  end  of  the  field 
phase  after  a  day  during  which  a  variety  of  biochemical,  physiological, 
and  psychological  tests  had  been  administered.  In  spite  of  the  fact 
that  the  men  had  been  in  caloric  deficiency  for  about  ten  days,  none  of 
them  showed  ketonuria.  In  all  the  trials  the  men  were  either  per¬ 
forming  routine  garrison  activities  or  were  doing  light  to  moderate 
work. 

The  significant  finding  in  these  data  is  the  unexpected  frequency 
of  ketonuria  observed  in  cold  climates  (Canada:  Churchill,  Fort  Nel¬ 
son,  and  Prince  Albert;  and  Alaska:  Ladd  Air  Force  Base).  The  in¬ 
cidence  ranged  from  6%  to  22%  in  all  except  one  case.  In  urinary 
specimens  collected  in  temperate  climates  (Colorado)  and  tropical 
climates  (Hawaii,  Guadalcanal,  Guam,  Iwo  Jima,  and  Luzon)  keton¬ 
uria  was  much  less  common.  Judging  from  the  original  reports  of 
the  various  ration  trials,  the  presence  or  absence  of  ketonuria  cannot 
be  correlated  with  caloric  deficiency  or  with  a  disproportionately  high 
intake  of  fat  or  protein.  The  common  factor  appears  to  be  weather 
stress. 


Generalizations  Induced  from  Data  on  Ketonuria  Observed 
During  Ration  Trials  and  Nutritional  Surveys,  1944-1950 

On  the  basis  of  the  foregoing  survey  of  ketonuria  observed  during 
ration  trials  and  nutritional  surveys,  a  number  of  generalizations  can 
be  made.  Before  discussing  these  generalizations,  two  terms  must  be 
defined.  For  the  sake  of  simplicity  the  curve  of  the  percentage  of  men 
in  various  groups  who  exhibited  ketonuria,  will  be  called  the  “curve 
of  per  cent  ketonuria.”  The  time  interval  required,  in  any  particular 
trial,  to  reach  the  maximum  percentage  will  be  called  “time  to  maxi¬ 
mum  per  cent  ketonuria.” 

Variations  in  ketonuria  are  considered  to  represent  absolute 
changes  in  rate  of  excretion  of  ketone  bodies.  Furthermore,  the  altera¬ 
tion.  Acetone  is  a  non-threshold  substance  (18 Q.  Acetoacetic  acid  and 
swings  (variations  in  production  and/or  utilization)  rather  than 
c  anges  in  glomerular  filtration,  tubular  absorption,  or  tubular  secre- 

/^rr.1Sa  nonrthreshold  substance  (18).  Acetoacetic  acid  and 
-hydroxybutyric  acid  are  threshold  substances  (18).  Whether  or  not 
the  renal  threshold  of  the  latter  substances  is  regulated  by  adrenal 

<JV  nhanges  in  the  Urinary  v°l-e  of the 
„  „„  .  500  *°  1000  ml-  do  not  influence  the  interpretation  of  negative 
vs  positive  Rothera  reactions.  They  may,  however,  influence  the  in 

/  °f  reaction.  Consequently,  the  data  have  been  assessed 

actions"  Char  fu  the  Parentage  of  men  showing  posft  ve  re. 

2+  ?o  3+  and  .  1"  'nte™ty  of  the  reaction  from  1+  to  2+ 
+  to  3+  and  3+  to  4+  have  been  interpreted  with  caution. 
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1.  The  carve  of  per  cent  ketonuria.  With  but  one  exception  (Can¬ 
adian  Mess  Tin  Ration  (T,) ,  Figure  2b) ,  the  data  on  per  cent  ketonuria 
from  the  several  trials  followed  a  curve  characterized  by  (a)  low 
levels  during  the  control  phase,  (b)  an  ascent  to  a  maximum  a  few 
days  after  beginning  the  field  phase,  and  (c)  a  decline  to  or  toward 
control  levels  before  the  termination  of  the  field  phase.  Since  this 
general  curve  was  observed  both  during  trials  in  which  hard  work 
was  performed  and  also  trials  in  which  the  subjects  undertook  no 
regular  hard  work,  the  metabolic  reaction  represented  by  the  curve 
must  be  independent  of  varying  degrees  of  muscular  exertion.  Like¬ 
wise,  the  shape  of  the  curve  was  independent  of  the  nutrient  mixture 
of  the  ration.  The  metabolic  reaction  occurred  on  low,  intermediate, 
and  high  caloric  rations.  It  occurred  in  association  with  both  low  and 
high  carbohydrate  intakes.  Furthermore,  none  of  the  rations  supplied 
a  disproportionate  amount  of  fat  or  protein,  and  there  was  no  evidence 
that  the  men  consumed  disproportionate  amounts  of  these  nutrients. 
Specifically,  an  appetite  for  fat  was  not  detected  in  any  of  the  cold 
weather  trials.  These  facts,  therefore,  suggest  that  the  metabolic 
reaction  was  independent  of  the  amount  of  available  liver  glycogen. 

2.  Time  to  maximum  per  cent  ketonuria.  Although  the  general 
shape  of  the  curve  of  per  cent  ketonuria  was  remarkably  similar  from 
trial  to  trial  (Figures  2-6),  there  was  some  variation  in  the  time  re¬ 
quired  to  reach  the  maximum  per  cent  ketonuria.  Study  of  the  avail¬ 
able  data  indicated  that  as  the  average  caloric  balance  became  increas¬ 
ingly  negative,  the  maximum  tended  to  come  earlier  and  earlier.  When 
only  data  were  used  which  were  obtained  during  ration  trials  in  which 
reasonable  estimates  of  caloric  balance  were  made,  the  relationship 
illustrated  in  Figure  7  obtained.  The  best  original  data  demonstrating 
this  correlation  were  those  obtained  during  the  Shilo  trials  of  1948 

(Figure  4). 

3.  Per  cent  ketonuria  in  successive  tests.  Less  ketonuria  developed 
when  the  same  subjects  were  exposed  to  a  second  successive  field  phase 
than  during  the  first  field  phase  (Figures  2b  and  4).  This  change 
suggested  that  the  men  had  become  adapted  to  the  stresses  of  the  field 
test  Two  principal  stresses  were  involved:  muscular  exercise  and 
cold  On  the  basis  of  data  available  at  present,  one  cannot  decide 
whether  one  or  both  of  the  stresses  were  responsible  for  activating 
the  mechanism  of  adaptation. 

4.  Muscular  exercise  and  ketonuria.  Although  : muscular  exercise 
was  apparently  unrelated  to  the  curve  of  per  cent  ketonuria,  data  from 
these  ration  trials  did  indicate  that  ketonuria  was  related l  to ^ex ercise. 
The  relationship  was  especially  demonstrated  in  the 

trials  In  these  trials,  the  p.m.  urinary  specimens  (collected  alter 

day  Of  marching)  mo’re  frequently 

a.m.  specimens  (collected  after  a  nights  res  )•  ,  Uptonuria  in 

most  platoons  showed  secondary  maxima  o  pe  sjmjiar  rela¬ 

xation  with  the  forced  marching  (Figure  2a).  A  similar 
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Figure  6. 

Incidence  of  ketonuria  at  Blair  Lake  trials. 


tionship  was  noted  in  the  AT-1  trials  (Figure  3),  for  in  this  trial  a 
leader  who  made  his  men  work  especially  hard  apparently  caused 
two  groups  which  were  under  his  direction  to  exhibit  a  higher  per  cent 
ketonuria  than  other  groups  whose  leaders  were  not  such  drivers. 


Speculations  Concerning  the  Ketonuria  of  Ration  Trials 

The  ketonuria  of  the  ration  trial  is  most  probably  a  metabolic 
reaction  to  the  stresses  of  the  test.  Predominant  stresses  are  pre¬ 
sumably  hard  muscular  work  and  exposure  to  cold.  Muscular  exercise 
will  cause  a  definite  increase  in  the  level  of  ketone  bodies  in  the  blood 
and  urine  (18).  This  exercise-ketosis  can  be  produced  with  relative 
ease  m  the  untrained  athlete  (18).  In  the  trained — adapted — athlete 
the  hyperketonemia  and  hyperketonuria  appear  less  readily,  if  at  all* 

tw  v?  .fyiSual  Dr-  Sid  Robinson  (19)  has  found 

that  when  the  labor  is  sufficiently  prolonged,  even  trained  track  men 

wi  develop  intense  ketonuria.  The  seasoned  troops  of  the  Prince 
Albert  trials  showed  clear  evidence  of  the  same  phenomenon.  After 
seven  to  eight  days  of  field  trial,  the  percentage  of  these  men  showing 
ketonuria  had  returned  to  control  levels.  When  these  troops  unde/ 
went  more  intensive  and  more  prolonged  work— the  forcedVarch 
ketonuria  reappeared.  These  observations  suggest  that  insofaTas  ti^ 

havToc0cu/rUedCwaas  rather  limiteT' w™/’- T  which  may 

the  original  m«tabo,i^r^i^SSS*t,0n  °f  the  St^' 
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On  the  other  hand,  since  the  curve  of  per  cent  ketonuria  follows 
its  characteristic  course  whether  or  not  the  subjects  of  the  field  tests 
participate  in  strenuous  work,  a  more  general  environmental  stress 
must  be  involved.  Exposure  to  cold  weather  is  the  common  stress 
of  the  Alaskan  and  Canadian  ration  trials,  in  the  case  of  both  opera¬ 
tional  field  rations  and  survival  rations.  Unfortunately,  data  are  not 
available  on  daily  measurements  of  ketonuria  during  field  tests  in  tem¬ 
perate  or  tropical  environments.  There  are,  however,  two  lines  of 
evidence  which  support  the  concept  that  cold  is  the  dominant  stress. 
In  the  first  place,  in  warm  climates  ketonuria  is  rare  while  in  cold 
climates  as  many  as  six  to  22%  of  routine  urinary  specimens  may 
show  Rothera-positive  reactions  (Table  9).  In  the  Fort  Knox-Fort 
Churchill  trials  the  same  subjects  were  studied  first  in  a  temperate 
bivouac  exercise  and  then  in  an  arctic  bivouac  exercise.  In  spite  of 
the  greater  caloric  deficit  during  the  temperate  period,  no  ketonuria 
occurred.  All  men,  on  the  other  hand,  developed  ketonuria  during 
the  arctic  exercise. 

Adaptation  to  such  environmental  stresses  as  heat  and  cold  can 
usually  be  demonstrated  within  ten  days  after  beginning  intermittent 
or  continuous  exposure.  Within  this  period  the  ketonuria  of  the  field 


Figure  7. 

Showing  time  required  to  reach  maximum  ketonuria 
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trials  tends  to  return  to  control  levels.  When  the  same  subjects  aie 
exposed  to  successive  trials,  there  is  less  ketonuria  in  the  second  than 
in  the  first  trial.  If  the  change  in  ketonuria  does  represent  an  adapta¬ 
tion,  it  is  evident  the  process  is  not  complete  at  the  end  of  ten  days. 
The  second  trial,  with  its  presumably  comparable  stress,  again  initi¬ 


ates  the  metabolic  reaction. 

If  the  ketonuria  of  the  field  trials  is  one  of  the  metabolic  altera¬ 
tions  produced  by  stress,  what  is  the  mechanism  whereby  these 
reactions  are  provoked?  The  working  hypothesis  is  that  the  ketonuria 
is  a  measure  of  altered  activity  of  the  pituitary-adrenal  axis  (8,  24). 

A  complex  neuro-endocrine  process  provides  the  mechanism  where¬ 
by  the  organism  reacts  and  adjusts  to  stress.  The  nervous  phase  of 
the  process  was  clearly  demonstrated  by  Walter  B.  Cannon  (25).  The 
endocrine  phase  has  been  extensively  described  by  Selye  (24).  Both 
phases  are  fundamental  to  the  integrated  physiological  reaction  that 
is  adaptation  (26,  27) .  Some  of  the  evidence  that  the  pituitary-adrenal 
axis  may  be  concerned  in  the  metabolic  reactions  of  human  beings 
exposed  to  heat  and  cold  stress  has  been  reviewed  by  Sargent  (28). 
In  the  trials  conducted  at  Shilo  in  the  winter  of  1948  (11,  15),  the 
metabolic  reactions  in  the  subjects  abruptly  exposed  to  cold  followed 
a  pattern  consistent  with  the  changes  observed  in  animals  under 
stresses  known  to  alter  the  activity  of  the  pituitary-adrenal  axis. 

That  such  endocrinological  swings  may  occur  under  the  conditions 


of  the  field  test — especially  the  cold  weather  trials — is  suggestive 
support  for  the  hypothesis  that  the  ketonuria  is  the  result  of  metabolic 
changes  brought  about  by  physiological  reactions  to  stress.  Kinsell 
and  his  associates  (29)  have  shown  that  adrenscorticotropin  and  cor¬ 
tisone  will  abolish  fasting  hyperketonemia  in  man  and  Winkler  and 
Hebeler  (SO)  have  demonstrated  that  treatment  of  untrained  athletes 
with  adrenal  cortical  extract  will  prevent  the  characteristic  post¬ 
exercise  hyperketonemia  and  hyperketonuria.  The  somatotropic  hor¬ 
mone  is  probably  also  involved— at  least  in  the  rat.  In  this  species  the 
nrZ  j 1  ,h“rmone  is  ket0^nic  in  the  absence  of  the  adrenal  gland 
!  1“6  !S  adequate  suPPly  of  circulating  adrenal  corticoid 

metiho^h  r°  e.  lhe  growth  hormone  Plays  in  human  ketone  bodv 
.etabohsm  is  not  known.  Furthermore,  in  spite  of  the  large  number 

regulatio'n  of  ket'I  ,  !lave  ’ft"  reP°rted  (1S)’  the  neuro-endocrine 
regulation  of  ketone  body  metabolism  has  not  been  clearly  delineated 

additioo  M6!,  :  are  SUffident  for  the  formulation  of an ^hypothesis' 

?  ■**“•>«  2 

to  overcome  is  development  nf  f  11  ^  0  lsm*  ^eas^  obstacle 
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The  Future  Field  Test 

Using  the  field  test  as  a  means  of  evaluating  the  nutritional  ade¬ 
quacy  of  a  ration  under  relatively  realistic  operational  conditions  was 
common  practice  during  and  subsequent  to  World  War  II — a  practice 
dictated  by  the  necessity  of  providing  packaged  rations  to  troops 
engaged  in  tactical  situations  where  supply  of  the  more  customary 
foods  was  difficult,  if  not  impossible.  The  tests  and  observations 
therefore  emphasized  caloric,  nitrogen,  and  vitamin  balances,  physical 
fitness,  and  palatability,  acceptability,  and  field  utility  of  the  various 
rations  and  ration  components.  Although  these  trials  yielded  a  con¬ 
siderable  mass  of  data,  the  field  tests  were  usually  so  designed  and 
conducted  that  the  accumulated  information  was  only  useful  in 
answering  the  immediate  practical  question :  Is  the  ration  generally 
acceptable  and  does  it  maintain  the  nutriture  of  the  troops? 

In  retrospect  it  is  now  evident  that  a  number  of  fundamental 
questions  were  overlooked  in  these  field  investigations.  Although  elab¬ 
orate  and  comprehensive  tests  were  conducted,  the  approach  lacked 
the  necessary  holistic  emphasis.  Attention  was  focused  so  much  on 
calories,  vitamins,  and  physical  fitness  that  the  question  of  the  main¬ 
tenance  of  the  functional  efficiency  of  the  body  as  a  whole  and  of  the 
important  organs  and  svstems  was  neglected.  Need  for  this  basic 
information  has  been  brought  into  the  foreground  by  the  current 
emphasis  on  the  development  of  a  multipurpose  survival  ration.  Cer¬ 
tainly  a  survival  situation  is  stressful.  Under  such  conditions  one  can 
anticipate  functional  deterioration.  To  make  a  reasonable  interpreta¬ 
tion  of  data  collected  in  a  field  trial  of  a  survival  ration,  one  must  be 
able  to  evaluate  separately  three  significant  factors:  (a)  the  effect  of 
undernutrition,  (b)  the  effect  of  the  nutrient  mixture  in  the  ration, 
and  (c)  the  effect  of  the  environmental  conditions. 

Generalizations  made  from  previous  ration  trials  point  to  a  similai 
lack  of  basic  knowledge.  These  generalizations,  for  the  most  pai  , 
were  made  from  observations  collected  incidentally  in  the  trial.  Io 
interpret  these  generalizations  in  physiological  terms  the  functions, 
reactions  of  the  body  under  stress  must  be  known.  The  solution  will 
come  mainly  from  field  tests,  for  only  then  can  the  complex  interplay 
of  the  manifold  stresses  be  investigated  under  appropriate  environ¬ 
If  the  future  field  test  is  to  emphasize  function  as  well  as  nutriture 
a  new  battery  of  reliable  tests  must  be  made  and  validated.  A  m 

highly  trained  test  team  will  be  needed.  To  meet 

•  •  i.  Armpd  Forces  is  required.  Witnin  tne  persum 

structure  of  one  of  the  present  military  medial  r^areh^tenatmns 
there  should  be  established  a  permanent  researcMeam  whose  pr^  y 

the  d'evelopment^o^appropriate  method^ 

:„y  branch  o/the  Armed  Forces  in  conducting  a  field  test  of  a  new 
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ration.  If  such  a  permanent  organization  were  established,  the  present 
long  delay  in  organizing  and  training  new  personnel  and  in  standar  - 
izing  the  required  methods  each  time  a  field  test  of  a  ration  is  indicated, 
would  be  eliminated.  This  need  has  been  emphasized  earlier  by  others 
(2,  22)  who  have  had  extensive  experience  in  conducting  field  tests. 
If  the  proposed  organization  were  established,  the  whole  process  of 
ration  development  would  be  facilitated  and  accelerated. 
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TABLE  1 

Caloric  Consumption  and  Ratio  of  Protein,  Fat,  and  Carbohydrate  Eaten  by  Various  Bodies  of  Ground 

Troops  in  Different  Environments 
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were  able  to  avoid  injury  and  diseases  in  temperate,  desert,  jungle, 
mountain,  and  arctic  areas,  they  remained  fit  and  healthy  when  their 
rations  provided  an  abundance  and  variety  of  foods  commonly  used 
by  North  American  civilians  and  enjoyed  by  soldiers.  We  noted  that 
no  canned  rations  were  ever  as  good  as  fresh  rations,  and  combat 
troops  would  like  and  should  have  hot  meals  supplied  to  them. 

In  different  environments,  special  demands  must  be  met.  In  par¬ 
ticular — the  colder  the  weather,  the  more  men  need  to  eat  and  the 
hotter  the  w’eather  the  more  water  and  salt  they  require.  Procurement 
of  water  is  a  problem  in  the  Arctic  as  well  as  in  the  desert.  In  weather 
below  freezing  the  feeding  of  troops  in  the  field  presents  many  prob¬ 
lems  of  planning,  administration,  and  catering  which  remain  to  be 
solved. 

With  regard  to  what  Dr.  Sargent  and  Dr.  Mitchell  have  presented 
here  today,  I  think  this  confirms  all  that  most  of  us  accept:  the  vital 
importance  of  water,  the  increased  requirement  for  calories  in  the 
cold,  the  beneficial  effects  of  frequent  feeding,  the  apparent  impor¬ 
tance  of  high-fat  or  high-carbohydrate  foods  in  cold  climates. 

In  all  climates  (2)  troops  eat  about  the  same  amount  of  protein  in 
percentage  of  calories  (Table  1),  and  this  amount  is  adequate  accord¬ 
ing  to  National  Research  Council  standards.  Moreover,  the  fat  content 
of  the  food  provided  and  consumed  by  soldiers  in  cold  and  temperate 
climates  is  higher  than  is  ordinarily  eaten  by  civilians  and  probably 
takes  care  of  the  increased  fat  requirement  which  Dr.  Mitchell  feels 
troops  should  get  to  maintain  adequate  “acclimatization”  to  the  cold. 

As  far  as  daily  vitamin  requirements  for  cold  weather  operations 
are  concerned,  all  data  indicate  that  there  seem  to  be  no  differences 
from  requirements  in  other  climates  when  a  variety  of  natural  foods 
(packaged  or  fresh)  are  eaten.  A  number  of  people,  including  Dr. 
Ralli  and  Dr.  Dugal,  have  stated  that  ascorbic  acid  requirements  in 
the  cold  are  increased  and  they  suggest  that  consumption  of  large 
amounts  of  ascorbic  acid  will  prevent  cold  injury.  These  suggestions 
are  based  on  the  erroneous  belief,  first,  that  the  human  adrenal  coitex 
consumes  large  amounts  of  ascorbic  acid  in  producing  cortical  hor¬ 
mones  and  second,  that  the  adrenal  cortex  can’t  function  efficiently 
when  the  body  is  depleted  of  ascorbic  acid. 

Ascorbic  Acid  Requirements  Under  Stress 

In  reviewing  the  data  on  stress  in  relation  to  ascorbic  acid  re¬ 
quirements  in  man  (especially  the  stress  of  cold  and ‘  e  ^ 

first  recall  the  pattern  of  severe  ascorbic  acid  depletion  in  man 
thoroughlv  studied  in  at  least  12  individuals  by  investigators  in  the 
TToA  and  in  Great  Britain  (3).  Experimental  scurvy  takes  about  six 

The  pattern  of  ™ 

the  body  of  the  experimental  subjects  is  as  fdlows.  first  the  u 
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is  more  significant  is  that  wound  healing  and  work  output  are  normal 
for  weeks  after  urine,  plasma  and  white  cell  ascorbic  acid  levels 
have  fallen  to  near  zero. 

As  far  as  ascorbic  acid  requirements  in  the  Arctic  or  cold  weather 
operations  are  concerned,  the  only  data  that  I  have  available  come 
from  the  Musk  Ox  study  U),  and  from  the  study  done  by  the  Medical 
Nutrition  Laboratory  at  Shilo  (5).  Table  2  shows  results  of  a  study 
on  the  Musk  Ox  expedition.  When  the  troops  were  at  Churchill  (very 
cold)  the  serum  and  urinary  ascorbic  acid  patterns  were  the  same 
as  in  other  climates  ( 1 )  with  no  evidence  of  increased  requirements. 

TABLE  2 

Summary  of  Determinations  on  the  Blood,  Serum,  and  Urine  of  31  Members 
of  Exercise  “Musk  Ox”  at  the  Beginning  and  Near  the  End  of  the  Journey 


Determination 


Hemoglobin,  g/100  ml . 

Serum  chloride,  mEq/liter . 

Urine  chloride,  g.  NaCl/hour . 

Serum  protein,  total,  g/100  ml.: 

Copper  sulfate  method . 

Kjeldahl  method . 

Serum  albumin,  g/100  mi . 

Serum  globulin,  g/100  ml . 

Serum  nonprotein  nitrogen,  mg/100  mi.. 

Ratio,  albumin/globulin . 

Urine  volume,  ml.  hour  before  breakfast 
Urine  ascorbic  acid,  mg/hour,  before  breakfast 

Serum  ascorbic  acid,  mg/100  ml . 

Urine  thiamine,  meg. /hour  before  breakfast ....... 

Urine  riboflavin,  meg. /hour  before  breakfast 
kne  N'-methylnicotinamide,  mg/hour  before 

Urine  total  nitrogen,  mg/hour  before  breakfast 
Urine  creatinine,  mg/hour  before  breakfast 
Urine  creatinine,  mg/hour  before  breakfast 
Inorganic  phosphorus,  mg/hour  before  breakfast  ’ 


Average  Value 


At 
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At  Fort 
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Since  these  studies  were  made,  I  have  been  looking  for  data  on 
ascorbic  acid  in  relation  to  frostbite  in  man.  I  am  privileged  to  refer 
to  some  unpublished  observations  from  Korea  made  by  Colonel  Schu- 
man  and  Lt.  Colonel  Orr  (6).  These  observations  reported  late  in 
November  1952,  at  the  Josiah  Macy  Conference  on  Cold  Injury,  relate 
to  frostbite  in  troops  fighting  over  a  static  front  in  Korea.  These 
soldiers  developed  frostbite  in  a  “slow-freeze”  over  some  hours  during 
patrols.  They  usually  ate  two  hot  meals  a  day  but  didn’t  eat  much 
before  they  went  out  on  patrols.  As  far  as  ascorbic  acid  in  the  blood 
was  concerned,  Schuman  and  Orr  found  no  difference  between  as¬ 
corbic  acid  blood  levels  in  the  soldiers  with  frostbite  and  in  their 
companions,  who  were  on  patrol  with  them  and  did  not  get  frostbite. 
Nor  was  there  any  difference  between  blood  levels  of  ascorbic  acid 
in  frostbitten  soldiers  and  in  other  patients  in  Army  hospitals. 

Because  ascorbic  acid  requirements  are  said  to  be  increased  in 
other  forms  of  stress,  let  us  pass  on  to  studies  made  by  Lund  and 
Levenson  and  their  colleagues  ( 6 ,  7)  who  studied  ascorbic  acid  in  the 
urine  and  plasma  of  patients  subjected  to  surgical  stresses  of  one  kind 
or  another  including  burns,  injuries,  and  operations.  They  found  that 
both  plasma  levels  and  urinary  output  of  ascorbic  acid  dropped  to  low 
values  in  the  post-operative  period,  despite  treatment  with  very  high 
doses  of  ascorbic  acid.  They  explained  these  findings  on  the  basis 
of  increased  utilization  of  ascorbic  acid. 


At  about  the  same  time,  Sayers  and  Sayers  (5)  working  with  rats, 
demonstrated  that  adrenal  ascorbic  acid  and  adrenal  cholesterol  de¬ 
creased  when  the  animals  were  stressed  or  when  their  adrenal  cortices 
were  stimulated  with  corticotropic  (ACTH).  These  observations  on 
rats  led  Levenson  and  Lund  to  postulate  that  the  increased  demand  for, 
and  utilization  of,  ascorbic  acid  was  related  to  increased  consumption 


of  the  vitamin  by  the  adrenal  gland. 

Since  then  there  has  been  a  general  acceptance  of  Levenson  and 
Lund’s  observations  of,  and  speculations  on,  ascorbic  acid  require¬ 
ments  in  states  of  “damage”  or  stress.  Thus,  there  exists  at  present 
a  strong  belief  among  surgeons  and  physicians  that  large  amounts  ol 
ascorbic  acid  are  consumed  during  illness  by  the  adrenal  gland  in  its 
synthesis  of  cortical  hormones  from  cholesterol.  Conversely,  many 
accept  the  thesis  that  adrenal  activity  will  be  sharply  reduced  when 
ascorbic  acid  supplies  are  curtailed.  They  believe  that  patients  wit 
low  plasma  levels  of  ascorbic  acid,  or  with  inadequate  supplies  of 
ascorbic  acid  may  develop  adrenal  insufficiency  when  they  are  stressed 
by  surgery  o^fness.  These  concepts  have  been  tested  experimentally 
dLing  the  plst  few  years  by  a  number  of  investigators  and  are  now 
known  to  be  erroneous.  In  the  light  of  data  now  at  hand,  our  ideas  of 
fUo  infprrplationshins  between  ascorbic  acid  metabolism  and  aaren 
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pigs,  monkeys,  and  man,  who  unlike  the  rat,  do  not  synthesize  a.co 
acid  in  their  adrenals. 
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As  Dr.  Youmans  mentioned  at  the  beginning  of  this  conference — 
the  rat  is  not  man.  Not  only  is  the  rat’s  nutrition  different  from  that 
of  man,  but  his  pituitary-adrenal  system  is  different.  First  of  all,  we 
now  know  from  Bennett’s  studies  on  autopsy  material  from  the  Mayo 
Clinic  ( 9 )  that  the  adrenal  gland  in  man,  unlike  the  rat,  does  not 
increase  in  weight  under  stress  of  illness  or  under  long-term  treat¬ 
ment  with  ACTH. 

Secondly,  we  know  that  the  pituitary-adrenal  system  of  rats  re¬ 
sponds  to  injection  of  epinephrine.  But  injected  epinephrine  has  no 
effect  in  increasing  the  output  of  ACTH  or  cortical  hormones  in  man 
(10,  11)  and  has  no  direct  effect  on  the  pituitary-adrenal  system  in 
man  (12,  13).  Therefore,  as  far  as  the  endocrine  climate  of  man  is 
concerned,  it  reacts  differently  than  in  rats. 

Physiological  Mechanisms  in  Relation  to  Adrenal  Activity  and 

Ascorbic  Acid  in  Man 

Coming  back  to  the  observations  of  Lund  and  Levenson,  studies 
in  our  laboratory  give  direct  evidence  that  the  retention  of  ascorbic 
acid  in  damage  is  not  related  to  adrenal  activity,  for  we  have  been 
able  to  prevent  the  post-operative  retention  of  ascorbic  acid  in  pa¬ 
tients  after  surgery  by  stimulating  adrenal  activity.  We  repeated 
Lund  and  Levenson’s  study  on  patients  undergoing  major  orthopedic 
operations  but  stressed  their  adrenals  with  ACTH  during  the  post¬ 
operative  period.  Large  amounts  of  ascorbic  acid  appeared  in  the 
urine  concomitant  with  17-ketosteroid  excretion  (Table  3). 


TABLE  3 


The  Excretion  of  Urinary  Ascorbic  Acid  and  17-Ketosteroids  in  a  Patient 
Before  and  After  Hemipelvectomy  in  Relation  to  Ascorbic  Acid  Intake 
and  Stimulation  of  His  Adrenal  Gland  by  Injection  of  ACTH 


Day  of  Study 

Treatment 

Average  24 -hour  urinary  excretion  of: — 

Ascorbic  acid  (mg.) 

17-ketosteroid  (mg.) 

1  and  2. 

Control b 

3 . 

Operation 

7  .1 

8.0 

4  to  7  .  . 

Ascorbic  Acid  c 

142 

10.5 

8  to  10  .  . 

Ascorbic  Acid  c  Pius 

ACTH  d 

522 

18.0 

11  to  15 

Ascorbic  Acid  c 

155 

10.0 

War, I  diet  (apepoxitiWiTTiTSiS^Wbi^dd 
Ascorbic  acid  1,000  mg.  per  24  hours 
AGTII  130  units  per  24  hours 


per  24  hours). 
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The  second  study  concerns  the  effects  of  adrenal  hormone  in  a 
patient  with  scurvy.  In  Figure  1,  we  present  data  on  a  man  with 
scurvy  who  was  on  an  ascorbic  acid-free  diet  (H) .  He  had  a  normal, 
fairly  low,  17-ketosteroid  excretion  with  hardly  any  ascorbic  acid  in 
the  urine  and  none  at  all  in  the  blood.  When  this  man  was  stressed 
with  ACTH  there  was  a  normal  response  of  17-ketosteroids  and  a  drop 
in  the  eosinophiles,  indicating  that  in  man  the  adrenal  gland  can 
make  cortical  steroid  hormones  in  the  absence  of  ascorbic  acid.  This 
means  that  man  does  not  use  up  ascorbic  acid  to  make  cortical  hor¬ 
mones.  Similar  observations  have  been  made  by  others  in  man  (15) 
and  in  guinea  pigs  (16,  17). 


The  precise  studies  by  May  and  his  colleagues  on  scorbutic  mon¬ 
keys  (18)  indicate  clearly  that  the  function  of  the  adrenal  cortex  bears 
little,  if  any,  relationship  to  over-all  ascorbic  acid  requirements  in 
man.  May  studied  the  eosinophiles,  urinary  17-ketosteroid  output 
and  the  ascorbic  acid  content  of  the  adrenal  glands  in  18  monkeys 
in  whom  scurvy  or  ascorbic  acid  deficiency  was  produced  by  a  diet 
completely  free  of  ascorbic  acid.  The  data  were  compared  with  ob¬ 
servations  from  control  animals,  some  of  whom  had  had  their  adrenal 
glands  removed.  In  the  deficient  or  scorbutic  monkeys  the  ascorbic 
acid  in  the  adrenals — as  in  other  tissues — fell  to  low  levels  (i.e.  from 
50  to  3  mg.  per  100  g.  of  adrenal  gland).  Despite  this  wasting  of 
tissue  and  glandular  ascorbic  acid,  the  17-ketosteroid  output  remained 
normal  and  even  increased  in  some  of  the  animals.  Whenever  the 
scorbutic  animals  were  stimulated  with  corticotropin  there  was  a 
marked  increase  in  17-ketosteroid  excretion.  The  eosinophiles  in  the 
monkeys  dropped  to  very  low  levels  during  depletion  and  with  the 
advent  of  scurvy,  the  level  was  zero,  suggestive  of  adrenal  hyper¬ 
activity  These  experiments  conclusively  demonstrate  that  the  adrenal 
cortex  functions  normally  during  scurvy  or  severe  ascorbic  acid  de¬ 
pletion,  and  can  respond  in  a  normal  manner  to  repeated  stimuli  by 
corticotropin.  Therefore,  the  adrenal  gland  cannot  consume  much 
ascorbic  acid  in  the  synthesis  of  cortical  hoi  mone. 

As  far  as  we  are  aware,  there  are  no  reports  in  the  literature  on 
the  co-existence  of  scurvy  and  Cushing’s  syndrome.  In  my  experience 
natients  with  Cushing’s  syndrome  have  normal  ascorbic  acid  leve 
fntheir  Wood  and  no"  evidence  of  scurvy.  The  CHnica  Sections  on 
Endocrinology  at  the  Mayo  Clinic  have  seen  H°VRvne  °SOn  (%f 
patients  with  Cushing’s  syndrome  and  Dr.  E.  H'  ^nea’..Fi  j  ^ 
reporting  on  behalf  of  his  colleagues,  writes  as  follows .  F  \ ■  > 

jrft  condition1 'and  X rTTfeC MSI  of  Wood  as- 
corbie  acid  have  not  revealed  any  significant  abnormalities. 

Jtzsmsvssl  SS* — =■— - 
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SCURVY 


& 


ACID  FREE  DIET- 
ACTH  240 mg 
PARENTERAL 

4 1  +  W 
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I  On 

17  KETOSTEROIDS  5 
mg/24  HOURS 

0 


URINARY  10 
ASCORBIC  ACID 
mg /24  HOURS  0 


WHOLE  BLOOD  10 
ASCORBIC  ACID 
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DAYS  0 


im  9A9*-rrs 


Figure  1. 

Effects  of  parenteral  ACTH  on  R.S.  ill  with 
scurvy. 

up  large  amounts  of  ascorbic  acid  in  its  production,  how  can  we 
explain  the  disappearance,  or  retention,  of  ascorbic  acid  in  the  dam¬ 
aged  patients  studied  by  Levenson  and  Lund?  The  best  explanation 
is  given  by  Lauber.and  Rosenfeld  (20)  and  Bartlett,  et  al.  (21). 
They  studied  the  ascorbic  acid  content  of  healing  wounds  and  scars 
produced  experimentally  in  healthy  and  scorbutic  guinea  pigs.  They 
showed  that  ascorbic  acid  was  mobilized  from  the  tissues  and  organs 

b°dy  and  selectively  concentrated  in  the  traumatized  area. 
V\  nether  it  does  any  good  there  is  another  matter. 

In  this  regard,  evidence  from  the  studies  of  Crampton  (22)  and 

ftre™th  7 *  indicate  that  in  the  guinea  pig,  at  least,  growth  and 

Sake  TU  mesenchymal  cells  do  not  increase  with  ascorbic  acid 
intake  The  maximum  height  of  odontoblasts  and  the  maximal 

S:kes  of  asco°rbicSacideattained  *  ***  SPedeS  With  relativ^  sma» 
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Discussion  of  Laboratory  and  Field  Studies  Using  Human  Subjects 


YOUMANS: 

Thank  you,  Dr.  Kark.  These  papers  of  the  morning,  including  the  summary 
discussion,  are  now  open  for  discussion. 

BRODY: 

Declining  temperature  increased  the  feed  consumption  and  body  weight  in 
our  cows.  Do  you  have  analogous  data  on  your  men,  Dr.  Sargent? 

SARGENT: 

No. 


BRODY: 

The  Rothera  data  are  semi-quantitative.  Does  anyone  in  this  group  have  a 
more  quant, tat, ve  method  for  determining  ketone  bodies  in  the  urine? 
SARGENT: 

The  data  show  change  in  ketone  body  excretions.  The  quantitative  change 
from  zero  to  plus-4  represents  a  tremendous  outpouring  of  ketone  bodies  at  least 

°n 

tization  to  cold.  That  is  my  working  hypothesis  Dr  Dan  ,  'C  eV'denCe  °f  acdima- 
yesterday  of  cardiovascular  adiustmonL  f  ■Dr'  Damels  gave  us  some  evidence 
demonstrated  any  metabolic  alterations  whiV^’  ^  k  °  °T’  t0  ™y  knowle<ige,  has 
This  is  an  area  that  deserts ‘more ^  to  acclimatization. 

dinicians  were  observing  tkhTmLb°and^hermardentS  7*™  simply  because 

men  who  went  on  these  testa™  ew^  Urine  studies-  A11  the 

had  ever  tried  to  interpret  the  phenomenon  Were  excreted  but  n°  one 
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YOUMANS: 

If  I  may  say  so,  I  think  the  clinicians  were  irritated  by  this  finding  and  kept 
on  sort  of  nibbling  away  at  it  because  they  weren’t  altogether  happy  about  it. 
It  didn  t  fit  into  their  ideas  of  what  should  occur,  but  I  think  you  are  right  that 
it  was  not  actually  planned  for  an  intensive  investigation  in  any  one  of  the 
surveys  or  trials. 

MITCHELL: 

I  seem  to  remember  that  somebody  within  recent  years  has  studied  the  fat 
metabolism  in  the  Eskimo,  and  reported  that  with  high  levels  of  fat,  less  ketosis 
was  evident  in  the  Eskimo  than  in  one  not  acclimated  to  cold  climate.  Do  you 
recall  any  such  work  as  that? 

SARGENT: 

This  was  done  by  the  St.  Louis  group  back  in  1930  (P.  Heinbecker,  J.  Biol. 
Chem.,  80,  461  (1928)  ;  93,  327  (1931)  ;  99,  279  (1932).)  The  Eskimo  seemed  to  be 
more  resistant  to  ketosis  on  a  fasting  diet  than  the  normal  white  man.  There 
were  also  some  studies  done  by  Ladd  and  Palmer  (Am.  J.  Med.  Sc.,  166,  157 
(1923))  back  in  the  days  when  they  were  feeding  high-fat  diets  to  diabetics. 
According  to  their  data,  there  was  some  evidence  of  adaptation  to  a  fat  diet.  Dr. 
H.  L.  Taylor  (Am.  J.  Physiol.,  143,  148  (1945))  in  studies  on  the  conscientious 
objectors  found  evidence  that  suggested  that  the  white  man  living  in  temperate 
areas,  might  adjust  to  a  high-fat  regime  or  to  fasting.  But  all  of  this  material 
is  very  speculative.  The  Eskimo  studies  are  very  suggestive  studies,  but  no  one 
has  repeated  them. 

More  recently  Wilbur  and  Levine  (Exptl.  Med.  Surg.,  8,  422  (1950))  have 
studied  the  fat  metabolism  of  the  Eskimo.  Their  studies  dealt  chiefly  with  the 
metabolism  of  lipids  in  the  blood.  They  found  no  difference  between  the  Eskimo 
and  the  white  man  so  far  as  total  lipids,  phospholipids,  and  so  on,  were  concerned. 


BASS: 

I  might  tell  Dr.  Sargent  that  we  have  planned  a  study  on  cold  acclimatization 
in  collaboration  with  The  Surgeon  General  starting  in  February.  We  are  going 
to  have  men  exposed  under  laboratory  conditions  with  complete  metabolic  balances. 
We  hope  to  include  blood  and  urinary  ketone  levels  as  a  part  of  that  study. 

I  feel  that  not  enough  attention  has  been  paid  to  potassium  metabolism.  Every¬ 
body  worries  about  replacing  salt  and  sodium  chloride,  and  no  one  cares  abou 
potassium.  Yet  in  a  recently  completed  study  at  the  Climatic  Research  Labora¬ 
tory  in  which  we  had  men  for  14  days  at  126°  F.,  we  found  they  lost  as  much 
potassium  through  sweat  as  was  contained  in  the  entire  C-ration  diet  on  which 
thev  were  fed.  I  am  wondering  whether  some  thought  should  not  be  given  to 
supplementing  the  drinking  water  or  the  salt  tablets  with  potassium  For  in¬ 
stance  potassium  might  well  be  concerned  with  the  mechanism  of  thirst,  the 
mechanism  which  Dr.  Adolph  talked  about  yesterday.  If  we  gave  them  potassium 
they  might  replace  their  water  loss.  Potassium,  as  we  all  know,  is  very  importent 
in  the  proper  and  normal  distribution  of  the  body  water.  Enzyme  ™echa™s™ 
are  also  involved.  Certainly  some  study  should  be  made  with  regard  to  sweat 
losses  of  potassium  and  any  deleterious  effects  which  might  result. 

a  great  deal  of  work  done .on  the  induction  of  keto  tremendous 

amounts  2  &.  t 

awMch 
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sr  £  ris  t,s-«  s  f  »£j-~ 

above  what  they  would  normally  be  able  to  metabolize  before  they  adapted  them¬ 
selves  to  these  high-fat  diets.  _  ,  ,  ,  ,  ,. 

At  that  time  there  was  a  semi-quantitative  method  for  the  ketone  bodies  in 

the  urine  worked  out  on  the  basis  of  calorie  action  which  was  published  by 
Osterberg  at  the  Mayo  Clinic  which  was  fairly  good.  ......  ,, 

The  female  is  much  more  sensitive  to  the  production  of  ketosis  than  the 
male.  That  holds  true  in  the  humans  as  well  as  in  the  animals.  Deuel’s  work  on 
high-fat  feeding  should  not  be  forgotten  in  these  discussions. 


SPECTOR: 

Did  I  understand  in  your  discussion  of  iodine,  Dr.  Mitchell,  that  although 
very  significant  amounts  were  excreted  in  the  sweat  you  felt  you  didn’t  know 
enough  about  the  excretion  in  the  urine  or  possible  loss  in  the  feces  to  know 
what  the  significance  was? 

MITCHELL: 

Yes.  As  I  remember  your  work,  Dr.  Spector,  the  evidence  for  compensatory 
changes  in  the  iodine  output  in  the  urine  was  conflicting.  We  couldn’t  tell  whether 
it  occurred  all  the  time  or  not. 


SPECTOR: 

My  recollection  is  that  although  there  were  rather  large  atnounts  appearing 
in  the  sweat,  when  we  looked  at  the  compensatory  decrease,  what  came  out  in 
the  urine  and  what  was  found  in  the  feces,  we  at  that  time  interpreted  the  data 
to  have  no  practical  significance  as  far  as  modifying  the  diet  to  increase  the 
amount  of  iodine.  It  is  true  that  the  data  were  not  as  unequivocal  as  we  would 
like  to  see  them,  but  a  conservative  interpretation  was  that  there  was  a  com¬ 
pensatory  mechanism  operating.  I  was  wondering  whether  you  had  more  recent 
information. 


MITCHELL: 


No,  I  haven’t.  I  looked  the  article  over  as  I  was  writing  this  paper,  and  it 
seems  to  me  that  the  evidence  for  compensatory  decrease  in  the  iodine  output 
in  the  urine  was  not  good,  and  I  merely  stated  in  a  very  conservative  way  that 
the  data  may  emphasize  the  advisability  of  using  iodized  salt  in  a  tropical  climate. 

YOUMANS: 


As  a  matter  of  actual  fact,  I  think  that  all  Army  ration  salt  is  iodized,  is  it  not? 
SPECTOR: 

Speaking  for  packaged  operational  rations,  all  free  salt  provided  is  now  speci- 
ed  to  be  iodized.  The  bulk  of  the  salt  in  these  packaged  rations  is,  however 
urmshed  as  seasoning  in  the  formulated  food  items  and  is  probably  not  iodized! 
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IV.  Summary  of  Present  Knowledge — Need 
for  More  Research 

FRIDAY  AFTERNOON  SESSION 
December  5,  1952 

The  meeting  reconvened  at  one-thirty  o’clock,  Dr.  John  B.  You- 
mans,  presiding. 

YOUMANS: 

The  papers  this  afternoon  will  summarize  present  knowledge  and 
the  need  for  more  research  in  certain  aspects  of  this  whole  central 
problem. 


Lessons  from  Korea 

Herbert  Pollack 

Mt.  Sinai  Hospital 

Last  February  and  March  I  was  in  Korea  to  look  around  to  see 
what  lessons  we  could  learn  from  the  situation  existent  over  there. 
The  people  in  Tokyo  were  extremely  cordial  in  welcoming  people  from 
the  States,  particularly  in  the  field  of  nutrition,  because  there  isn’t 
a  single  officer  in  the  whole  Far  Eastern  Command  who  is  trained  in 
this  field.  The  Surgeon’s  Office  in  Tokyo  was  more  than  happy  to  have 
somebody  come  over  and  look  into  the  situation  because  they  had 
several  very  pressing  problems.  At  that  time  they  had  the  problem 
of  the  impending  return  of  prisoners  of  war  as  it  was  felt  then  that 
there  might  be  a  truce  and  a  return  of  prisoners  of  war. 

With  respect  to  the  troops  themselves  and  to  the  hospital  patients 
both  in  Korea  and  in  Japan,  there  were  several  very  important  and 
interesting  problems.  One  that  was  interesting  to  the  QM  Food  and 
Container  Institute  and  the  Office  of  The  Surgeon  General  both  was 
the  question  of  the  hospital  ration  supplement  packet  and  the  aid 
station  supplement  packet.  The  question  had  been  raised  several 
times  as  to  whether  these  food  packets  should  be  continued  in  the 
supply  channels  or  whether  the  use  or  need  for  them  had  been  passed. 

Five  thousand  of  the  aid  station  supplement  packets  were  issued  to 
the  divisions.  There  were  four  divisions  at  that  time  that  had  forced 
issue  of  this  aid  station  supplement  for  experimental  use.  Each  of 
these  divisions,  when  they  finally  were  forced  to  use  them,  was  more 
than  happv  with  this  type  of  ration  supply.  While  we  hear  a  good 
deal  about'  air  evacuation  of  the  wounded  from  the  f iront  back  to  the 
MATH  hospitals  the  situation  is  not  quite  as  simple  as  it  would  sound 
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air  transport.  The  result  is  that  the  wounded  are  kept  in  the  forward 
aid  stations  for  this  length  of  time.  When  the  aid  station  supplement 
was  available,  they  had  food  and  drink.  When  it  was  not  available 
the  casualties  were  deprived  of  food  and  drink.  The  result  was  that 
they  did  run  into  difficulties  in  trying  to  supply  the  men. 

The  British  who  were  operating  in  the  same  section  had  solved 
that  problem  very  simply,  as  the  British  usually  do.  In  every  aid 
station  they  had  a  great  ten-gallon  can  of  stew  simmering  on  the  diesel 
oil  stove  which  was  used  for  heat.  As  each  casualty  was  brought  in 
they  ladled  out  a  great  big  ladle  full  of  stew  to  him.  If  he  could  eat 
it,  fine;  if  he  didn’t,  they  saw  that  he  got  some  form  of  hot  drink.  The 
American  Army  aid  stations  require  a  good  deal  more  elaborate  equip¬ 
ment  and  more  packaging  of  food,  and  so  forth,  in  order  to  supply 
this  essential  need.  However,  with  the  continuation  of  the  aid  station 
packet  and  the  development  and  improvement  of  it,  I  am  sure  that 
the  casualty  in  these  forward  areas  will  be  fed  better,  particularly 
in  view  of  the  possibility  that  the  retention  period  may  be  longer  than 
just  overnight. 


One  of  the  major  problems  in  the  feeding  of  the  casualty — and 
this  is  cold  country  up  there — is  this  whole  question  of  the  time  re¬ 
quired  for  air  evacuation.  While  the  Air  Force  very  glibly  talk  about 
the  fact  that  it  is  only  four  hours  from  Seoul  to  Tokyo,  the  actual  time 
that  the  casualty  is  in  the  chain  of  evacuation  between  Seoul  and 
Tokyo  may  be  24  hours.  This  presents  a  very  difficult  feeding  problem, 
and  many  of  the  casualties  receive  no  food  and  very  little  to  drink 
during  this  period  when  they  are  in  transit.  If  the  casualty  is  taken 
from  the  MACH  hospital  or  the  station  hospital  to  the  airport  and  the 
jets  are  over  the  field  with  a  high  priority,  then  of  course  the  litter- 
carrier  planes  are  grounded  and  they  may  stay  grounded  for  six, 
seven,  and  eight  hours  while  the  combat  mission  takes  top  priority. 
The  men  are  then  kept  in  tents,  because  the  fields  are  very  primitive, 
and  it  is  cold,  bitter  cold,  because  it  is  open  country  wherever  you 
have  landing  strips.  The  wind  howls  down.  I  don’t  know  what  the 
wind  velocities  are,  but  I  know  I  was  supposed  to  be  healthy  and  well 
dressed,  and  I  could  feel  the  chill  in  the  air.  So  there  is  a  cold  exposure 
to  the  casualty  which  may  be  anywhere  from  one  to  five  or  six  hours 
on  these  landing  strips,  waiting  for  air  evacuation. 

Once  he  gets  in  the  air  and  has  landed  in  Japan  and  goes  to  the 
Japanese  hospital,  there  is  no  further  problem  because  there  the 

id  af  than3  W\nt  As  a  matter  of  ^  ^rnort 

laeal  tnan  it  is  in  this  country,  because  they  are  geared  for  it  ;,n,l 

their  facilities  and  equipment  to  take  care  of  it  are  excellent 

ForIeh  hasPtoSshlrfvtilen’  °ne  °l the  imP°rtant  Problems  that  the  Air 
r  orce  nas  to  study  in  conjunction  with  the  Deoartmpnt  nf  a 
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present  there  is  some  confusion,  which  means  that  they  are  nobody’s 
responsibility. 

The  question  of  hospital  diets  would  not  interest  this  group  par¬ 
ticularly.  The  general  troop  ration  as  issued  in  the  Far  Eastern 
Command  is  one  that  I  think  requires  a  good  deal  of  study.  I  am 
sure  you  are  all  familiar  with  the  terrain  of  Korea,  the  extremely 
mountainous  type  of  territory.  The  fighting  is  done  on  hilltops  or 
on  the  defilade  side  of  the  peaks  and  that  means  that  there  is  usually 
a  walk  of  one  to  three  miles  up  these  slopes  that  incline  to  the  extent 
of  30  degrees  for  the  slopes  where  men  walk.  There  are  certain 
places  where  the  men  cannot  even  walk  to  the  top  of  the  slope.  They 
have  ropes  hanging  down  over  the  peaks,  and  the  men  simply  climb  up 
these  ropes  to  get  into  the  bunkers  on  the  top — their  fighting  outposts. 

The  caloric  expenditure  involved  in  this  type  of  walking  is,  of 
course,  tremendous.  The  man  in  the  forward  outpost  goes  back  to  his 
company  headquarters  for  his  hot  meals — and  the  men  do  receive  a 
minimum  of  two  hot  meals  a  day  over  there — and  for  his  relief 
periods ;  he  may  therefore  have  as  many  as  three  round  trips  in  the 
course  of  his  day.  Three  round  trips  to  the  extent  of  three  miles  each 
way  is  almost  12  miles  of  marching.  With  his  heavy  arctic  clothing, 
which  is  absolutely  essential,  and  with  these  new  boots  which  makes 
walking  even  more  difficult  than  the  shoe  pack  did,  caloric  expenditures 
are  tremendously  high.  Even  though  the  ration  issue  was  4000  cal., 
the  history  of  weight  loss  is  universal. 

We  first  ran  into  that  in  the  hospitals  in  Japan  in  the  back  area. 


The  average  weight  loss  reported  by  patients  on  admission  to  the 
hospital  was  somewhere  between  ten  and  15  pounds  in  their  period 
of  stay  in  the  front  lines.  Captain  Polski  from  the  Nutrition  Labora¬ 
tory,  who  was  doing  the  nutrition  survey  work  with  the  cold  weather 
team,  did  an  excellent  piece  of  work  from  that  point  of  view.  The 
hepatitis  group,  who  were  working  independently,  again  reported 
similar  average  weight  losses  before  the  admission  of  the  patient 
to  the  hospital.  Based  upon  a  survey  and  on  conversations  with  men 
in  the  forward  bunkers,  weight  loss  is  universal  despite  an  issue  ot 
4000  cal.  a  day  and  in  spite  of  the  fact  that  they  are  getting  two  hot 
meals  a  day  with,  in  some  areas,  what  is  called  a  “cold  weather  supple¬ 
ment.”  The  cold  weather  supplement  consists  of  an  extra  issue  ot 
eggs  and  milk  in  that  particular  district— but  it  was  not  sufficient  to 

offset  weight  lost. 

It  is  difficult  to  get  the  men  to  eat  more  than  4000  cal.  a  day,  eve 
though  the  requirements  are  higher,  because  it  £  served  to  tee  . 
two  meals  actually,  and  to  consume  more  than  ,2000  ca'-  a  ™  , 

comes  a  difficulty.  Provisions  must  be  made  for  breaking  P  < 

t.me  or  the  conventional  meal  schedule  so  that  between-meal  foods  ace 
m?de  avaflable  to  these  men.  At  our  sugge.st.on  General  Hastings, 
who  was  the  theater  Quartermaster,  made  available  the  “-ea”e  ' 
sault  packet  which  had  not  been  used  to  any  extent  in  Korea,  even 
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is  not  designated  as  a  ration  and  its  issue  is  not  dependent 
of  the  usual  factors  that  control  ration  issue.  By  making 


meal  feedings,  and  it  is  expected  that  that  type  of  thing  will  give  a 
good  deal  of  relief  to  this  caloric  shortage,  which  is  the  major  problem 


in  the  theater. 

The  combination  of  the  cold  weather  and  the  hilly  terrain  and  the 
heavy  clothing  calls  for  a  review  of  the  Army  rations  so  that  even 
though  Korea  is  not  designated  as  an  arctic  territory,  we  should  have 
some  means  of  supplying  the  extra  caloric  requirements  of  troops  that 
serve  under  these  conditions.  During  World  War  II  there  was  at  one 
time  a  mountain  ration  which  was  in  preparation  at  a  time  when  it 
was  expected  that  the  men  might  be  fighting  in  Norway.  This  moun¬ 
tain  ration  was  tested  but  abandoned  when  that  whole  tactical  situa¬ 
tion  changed.  Some  such  scheme  should  be  redevised  or  reintroduced 
to  provide  the  amount  of  food  in  the  type  of  feeding  which  the  men 
can  take  in  situations  which,  while  not  specifically  arctic,  are  certainly 
situations  which  require  an  extra  caloric  consumption. 

The  other  subject  which  I  might  discuss  briefly  is  the  question  of 
the  Korean  civilian’s  nutritional  status  and  his  caloric  requirements, 
because  that  is  an  Army  responsibility,  too.  In  Korea  the  beast  of 
burden  is  the  man  and  the  woman.  Whereas  in  this  country  we  spend 
a  great  deal  of  energy  in  the  form  of  gasoline,  electricity,  and  coal 
for  the  transport  of  food  and  material,  in  Korea  that  is  done  on  a 
man’s  back  by  the  so-called  A-frame.  I  think  we  could  learn  a  great 
deal  from  the  lessons  that  these  people  have  learned  in  the  course 
of  time  in  the  conservation  of  energy  in  the  transport  of  their  bulk 
materials  by  hand.  The  A-frame,  which  is  the  universal  method  of 
carrying  things  in  Korea,  is  simply  a  device  whereby  when  a  man 
wants  to  rest  he  doesn’t  have  to  put  his  heavy  load  on  the  ground 
and  then  pick  it  up  again  each  time  he  starts.  The  A-frame  is  two 
bamboo  poles  with  a  cross  piece  which  gives  it  the  shape  of  an  “A” 
and  hence  the  name  “A-frame,”  to  which  is  attached  a  great  big 
basket.  The  basket  is  at  shoulder  height  and  when  the  man  stands 
up  this  heavy  load  remains  at  shoulder  height.  When  he  wants  to  rest 
he  simply  stoops  about  an  inch  and  this  A-frame  rests  on  the  ground 
and  he  avoids  picking  up  the  150  to  200  pounds,  which  is  the  average 
load  to  the  A-frame,  every  time  he  stops.  The  tremendous  savings 
m  energy  involved  in  th^t  type  of  handling  of  course  is  very  obvious. 


The  other  thing  that  the  Korean  has  learned  to  do  is  wait  dpah  r\ rv-i  i 
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see  that  whereas  it  takes  about  2000  steps  to  walk  a  mile  2000  steos 

p^ndsTw  if  ?  ^  WdghS  150  P0Unds  plus  his  lo*d>  the  fo°t- 
?  pVi  ds,ofvwork  involved  are  tremendous.  If  that  is  cut  down  to  one 

inch  which  is  what  the  Korean  does  when  he  walks,  the  saving  in 

energy  expenditure  in  the  traveling  of  the  same  distance  enables  him 

to  get  along  on  much  lower  caloric  intakes  for  approximately  the  same 

time  of  effective  work  output.  Although  his  caloric  output  is  entirely 

different,  his  effective  output  is  essentially  the  same. 

These  protective  devices  which  apparently  they  have  learned  to  use 
over  a  period  of  time  are  very  effective  in  enabling  them  to  get  along 
on  a  somewhat  restricted  caloric  intake  for  the  obvious  amount  of 
physical  work  which  they  put  out,  although  the  concept  of  the  Korean 
living  on  1800  to  2000  cal.  a  day  I  think  is  entirely  wrong.  It  would 
be  virtually  impossible  to  do  the  amount  of  work  they  do  and  not  lose 
weight  on  so  low  a  caloric  intake. 


The  clothing  problem  in  Korea  is  solved  by  the  Army  because 
every  Korean  civilian  wears  Quartermaster  issue,  whether  he  ac¬ 
quired  it  legally  or  not,  and  the  chances  are  he  hasn’t  acquired  it 
legally.  The  layering  principle  is  part  of  their  native  custom,  and  the 
Army  issue  is  usually  the  top  or  next  to  the  top  layer.  They  do  not 
seem  to  mind  the  cold,  partly,  I  suppose,  because  they  never  sit  still — 
they  are  always  moving — and  partly  because  of  the  clothing  which 
they  have  developed. 

The  food  in  Korea  is  adequate.  The  street  markets  are  loaded  with 
food  every  morning,  and  that  kind  of  disappears  by  evening.  Their 
fish  consumption  is  tremendous,  so  the  stories  of  the  Korean  living  on 
limited  protein  intakes  or  entirely  on  vegetable  proteins  are  not  borne 
out  by  actual  observations  in  the  theater. 

One  of  the  things  that  distressed  me  was  to  see  the  Military  Gov¬ 
ernment  units  putting  in  orders  for  vitamin  C  for  administration  to 
the  civilian  population.  Actually  the  Korean  probably  has  a  higher 
vitamin  C  intake  normally  than  any  other  racial  group  in  the  world. 
Their  basic  dish,  in  addition  to  fish  and  rice,  is  a  dish  called  chimche. 
Chimche  is  a  fermented  cabbage  made  with  garlic  and  red  peppers  and 
pimientos.  At  the  406  General  Medical  Laboratory  in  Tokyo  we  had 
some  vitamin  C’s  run  on  this  and  it  runs  as  high  as  126  mg.  per  100  g. 
Yet  to  see  Military  Government  personnel  in  charge  ordering  vitamin 
C  for  administration  to  the  people  who  were  getting  that  high  an 
intake  normally  I  think  reflects  on  the  education  and  training  which 
we  give  to  our  Military  Government  personnel,  who  have  a  tremen¬ 
dous  responsibility  to  discharge.  Maybe  I  am  hypercritical,  but  there 
are  things  of  that  type  which  one  can’t  help  feeling  can  be  corrected 
so  easily  that  there  is  no  point  in  seeing  them  continued. 

The  mineral  intake  of  the  Korean  is  very  high  because  they  eat 
both  fish  and  bones,  and  apparently  they  get  more  than  an  adequate 
amount  of  calcium  even  as  the  Japanese  do. 


172 


Lessons,  then,  that  we  can  learn  from  the  present  situation  in 
Korea  are,  first,  that  the  caloric  requirements  must  be  satisfied  at  all 
costs  and  that  the  conventional  meal  habits  of  the  soldiers  will  have 
to  be  altered  when  the  caloric  intake  is  such  that  they  cannot  consume 
the  full  caloric  requirements  in  the  two  meals  a  day. 

Processed  rations,  fortunately,  are  not  used  to  any  extent  oyer  in 
the  theater.  The  issue  was  approximately  ten  of  the  so-called  B’s  and 
actually  it  is  a  very  modified  B  because  they  get  fresh  beef  and  poultry 
at  least  40  out  of  the  60  meals  a  month.  The  C’s  are  issued  in  a  ratio 
of  one  to  ten  and  are  for  use  on  patrol  duty  only.  No  man  in  his 
bunker  or  anywhere  in  contact  with  his  company  headquarters  is 
forced  to  live  on  any  type  of  processed  rations,  that  is,  on  any  in¬ 
dividual  rations  of  the  C  type.  They  live  on  the  modified  B’s. 

Reconstituted  milk  is  available  over  there  and  is  a  very  popular 
item.  Every  effort  should  be  made  to  include  that  in  any  type  of 
soldier  ration.  Ice  cream  made  from  the  reconstituted  milks  is  served 
over  there  about  twice  a  week,  even  in  the  front  line,  and  is  one  of 
the  most  popular  items  that  is  on  the  menu. 

Recognition  of  the  increased  caloric  requirements  of  men  in  moun¬ 
tain  country  should  be  part  of  ration  planning — or  a  more  conscious 
effort  in  that  direction  than  has  been  true  in  the  past. 

The  hospital  ration,  certainly  as  regards  the  rear  areas  in  Japan, 
needs  no  further  improvements.  I  must  say  that  I  have  never  seen 


hospital  rations  with  as  high  an  allowance  as  they  are  now  getting. 
In  the  Kyoto  hospital  where  they  were  doing  the  hepatitis  work  they 
were  running  4000  cal.  a  day  and  210  g.  of  protein,  and  they  didn’t 
have  to  force  it.  The  men  took  it  after  the  first  few  days.  The 
average  intakes  in  the  hospital  in  Japan  always  run  about  150  g. 
However,  in  Korea,  it  is  in  the  forward  area  where  there  is  no 
attempt  made  to  have  any  special  type  of  rations  for  the  patients.  This 
stems  from  the  fact  that  in  the  early  days  of  fighting  the  evacuation 
was  so  rapid  that  no  man  was  kept  over  there  more  than  24  hours ; 
now  that  they  have  a  static  position  and  the  men  are  being  kept  in 
the  Korean  hospitals  for  as  long  as  30  days,  they  have  forgotten  that 
they  used  to  have  special  rations  for  the  patients  and  hadn’t— at  that 
time— picked  up  the  practice  again.  I  think  that  they  were  planning 
to  do  so  after  we  discussed  it  with  the  Army  surgeons 

We  cannot  expect  adequate  nutrition  or  optimum  nutrition  to 
replace  good  cold  weather  discipline,  nor  can  we  expect  nutrition  to 
do  the  impossible.  The  question  of  whether  improved  nutrition  will 
prevent  cold  injury  is  of  course  the  important  one.  There  are  certain 
types  of  cold  injury  which  no  improved  nutrition  will  ever  stop  and 

in  the\TaVofathT  fi°JhteS  discip!ine'  When  a  soldier  drops  his  mittens 
ing  around  °at  M  toihe  ^  bh6n 
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There  we  must  depend  on  discipline  and  upon  adequate  clothing  that 
cannot  get  lost  in  the  heat  of  battle.  Whether  improved  nutrition  will 
prevent  or  increase  the  adaptation  to  cold  is  one  of  the  problems  that 
we  still  have  to  face. 


Discussion 

YOUMANS: 

Does  anyone  have  any  questions  they  wish  to  ask  Dr.  Pollack? 
ARMSTRONG: 

One  question.  Dr.  Pollack  spoke  about  the  way  the  Koreans  walked — or 
shuffled.  I  have  seen  men  at  work  carrying  heavy  burdens  who  rush  up  the  stage 
to  a  loading  platform  and  others  who  proceed  slowly  up  the  same  stage.  I  wonder 
if  there  is  an  advantage  in  one  method  over  the  other. 

POLLACK: 

There  is  no  increased  caloric  cost  or,  rather,  no  appreciable  increased  caloric 
cost  with  the  speed  with  which  such  a  task  is  done.  There  is  some  loss  of  efficiency 
when  the  speed  gets  beyond  a  certain  effective  maximum.  For  the  total  amount 
of  work  done — i.e.  the  actual  foot-pounds  of  effective  work — there  is  a  tremendous 
difference  in  energy  expenditure  regardless  of  rate.  Actually,  however,  their 
rate  of  walking  is  not  slow;  they  cover  a  great  deal  of  distance. 

ARMSTRONG: 

It  is  steady,  though? 

POLLACK: 

Steady,  yes.  But  they  stop  and  rest.  About  every  twenty  or  twenty-five 
minutes  you  will  see  the  group  stop,  rest  ten  minutes,  and  then  go  right  along. 

ARMSTRONG: 

I  wonder  if  that  has  an  advantage  over  repeated  rushing. 


POLLACK: 

Calorically  speaking,  I  would  question  that.  Of  course,  the  fatigue  problem 
on  the  level  of  energy  expenditure  is  quite  different.  When  the  caloric  expenditure 
exceeds  the  rate  of  approximately  300  to  400  cal.  per  hour,  you  run  into  a  circu¬ 
latory  problem  involving  oxygen  debt  and  so  forth.  When  caloric  expenditure 
is  below  300  cal.  an  hour,  there  is  not  much  of  an  oxygen  debt  and  the  continuity 
of  the  work  goes  on.  You  do  get  circulatory  and  other  phenomena  with  rapid 
work  which  interferes  with  the  continuity,  but  calorically  speaking  there  is  very 
little  total  difference. 

ARMSTRONG: 

There  is-  over-heating,  too? 


POLLACK* 

Yes.  That  is  involved  in  the  circulatory  and  the  continuity.  Ability  to  sustain 
work  depends  upon  the  level  at  which  it  is  done. 

Tt  A  RK  • 

Dr  Pollack,  are  our  troops  using  the  tump-line  method  for  carriage  of  ammu¬ 
nition  and  food?  You  will  recall  that  this  technique  of  carrying  burdens i  was  used 
widelv  bv  American  Indians  and  by  primitive  people  in  other  parts  of  the  w  , 

i  r  5  AcSq  You  will  recall  at  Camp  Lee,  when  we  were  both  down  there,  and 
including  Asm.  You  wdl  recall  at  Gamp  deinonstrated  that  the  tump-line 

S/  Sr  n— 3dLs  allowed  for  a  tremendous  saving  in 

"tic  otputtrse/ms  to  me  that  this 

ammunition  ?nTh“c  warfarTof  World  wkr  I.  It  is  ideal  for  mountainous 
country. 

POLLACK.  -  +  valine-  The  ieep  roads  usually  come  to  within 

thretmitT,  thVSt ' ^tVaTbuXrs.  The  Korean  civilian  labor  does  the 
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bulk  work  for  the  Army  Envision  J- 

CduHngartTUhnour0snofadarkne°ss.  They  do  the  litter  carriage,  too,  to  a  large  extent. 

KARK:  ,  .  , 

What  about  getting  up  the  fountains. 

POLLACK:  ,  ther  sman  things  but 

The  soldier  carries  himself  and  his  rifle,  ana  a  iew 

nothing  very  much. 

KARK: 

What  about  ammunition? 

P°Thf  Korean  civilians  bring  it  pretty  much  forward.  They  stay  on  the  defilade 
side  of  the  hill. 

BAUER  * 

About  those  casualties — usually  the  first  36  hours  following  wounding,  the 
man  is  in  the  hands  of  an  anesthetist  and  surgeon  whose  interest  naturally  would 
be  to  keep  the  man  from  having  much  food  or  fluid.  That  might  be  nutritionally 
the  most  critical  period.  One  may  be  able  to  work  it  out  locally  when  on  the 
scene.  Did  you  observe  that  they  were  having  any  problems  along  that  line  or 
have  they  any  solution  to  them  or  is  it  unimportant? 

POLLACK: 

It  is  a  very  important  thing,  and  I  covered  it  in  my  original  report.  Where 
men  are  kept  for  ten  hours  or  so  before  they  get  into  a  MACH  hospital  the 
feeding  problem  is  a  real  and  urgent  one.  Highly  important  are  the  hot  liquids. 
If  a  man  gets  an  immediate  helicopter  evacuation,  no  attempt  is  made  to  feed 
him  because  there  is  liaison  between  the  CO  of  the  MACH  hospital  where  the 
helicopter  lands  and  the  officer  at  the  front.  Only  a  small  percentage  of  the 
actual  casualties,  however,  go  to  a  MACH  hospital  for  major  surgery.  The  bulk 
of  them  are  kept  in  the  collecting  company  areas  for  two  or  three  days  and  are 
returned  to  the  front  lines  again.  Where  you  have  a  triage  and  where  there  is 
going  to  be  a  delay,  feeding  becomes  important.  Where  they  are  going  in  for 
immediate  surgery  and  anesthesia  there  are  ground  rules  locally  that  take  care 
of  the  situation. 

BAUER: 

In  World  War  II,  a  man  six  or  eight  hours  after  injury  might  get  in  an  evacu¬ 
ation  hospital  surgical  “backlog” — and  there  would  be  another  18  hours  or  so  of 
delay.  This  meant  he  couldn’t  eat  for  another  24  hours. 

POLLACK: 

The  situation  in  Korea  isn’t  that  bad. 

BAUER: 

Good.  I  was  wondering  whether  some  of  those  hours  you  mentioned  weren’t 
one  or  two  days  and  convalescence  six  weeks  later 
POLLACK: 

The  maximum  is  eight  or  ten  hours— getting  a  man  to  a  MACH  hospital 
SPECTOR: 

Dr.  Pollack  suggested,  I  believe,  the  development  of  rations  very  much  like 
the  mountain  ration.  Yet  he  also  emphasized  that  fortunately  men  are  not  often 
on  packaged  rations  but  on  a  modified  B-ration.  The  responsibility  for  extra 
caloric  consumption  would  therefore  appear  to  be  on  the  area  medical  officer 
1rrtihe!v!han  or\those  seekin£  to  develop  a  specialized  ration  in  a  packaged  form 
POLLACK' °Untam  ratlon)  that  would  be  used  in  a  particular  area. 

I  condensed  things  too  much-the  Korean  situation  is  very  artificial  because 
B’s1  Xr;ta  C  Stat.US  °f  the  troops  and  the  ability  to  feed  them  the  modified 

eSh  vegeta^les  and  the  fresh  meats.  When  they  were  in  active 
p  ases  of  the  campaign  that  was  impossible,  and  then  the  C’s  were 
only  things  available  to  them.  When  they  are  o„‘ patrof  and  X„  they  a« 
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advancing  rapidly  or  retreating  rapidly,  hot  meals  are  not  available  If  the  tacti 
sl^hUatTu1S  SUCh  tHat  thGy  d°  n0t  stay  in  fixed  Positions “then  we ^  will  need 
operator!  latl?n  ,L0,  supply  the  calories  necessary  for  that  type  of 

evrpnt  hn  *  w  1  meant’  The  current  situation  being  static  is  no  problem 
except  how  to  give  between-meal  nourishment 

MITCHELL: 


Is  the  low  calorie  intake  of  the  Korean  civilian  associated  with  his  light  bodv 
weight?  * 

POLLACK: 

Yes.  They  are  very  small,  and  their  weight  is  very  low.  Most  of  the  men 
who  came  through  average  about  110  to  118  pounds.  I  went  through  the  civilian 
hospital  centers  where  they  were  screening  personnel,  and  they  are  of  surprisingly 
low  body  weight. 

CHOW: 


I  would  like  to  ask  whether  the  loss  of  weight  could  be  retarded  or  be  corrected 
by  giving  the  soldiers  additional  calories,  or  do  you  think  that  their  metabolism 
under  those  circumstances  is  such  that  no  matter  how  many  calories  you  give  them 
they  would  not  be  able  to  handle  them. 

POLLACK: 

They  would  be  able  to  handle  them  if  they  had  them— if  the  food  given  to 
them  was  distributed  over  the  day.  They  can  take  just  so  much  at  the  two  full 
meals  a  day  that  they  have.  When  food  is  available  between  meals,  such  as  the 
PX  rations  and  so  forth,  they  take  those  pretty  completely. 

YOUMANS: 

The  loss  of  weight  unless  it  passes  a  certain  bound  is  not  altogether  un¬ 
desirable.  In  the  surveys  of  troops  in  the  Pacific  those  who  were  fresh  out  of 
combat,  who  were  about  five  or  six  or  eight  per  cent  under  their  previous  weight, 
showed  as  good  performance  or  better  performance  than  any  other  group  of 
troops  we  measured. 


Heat  Tolerance  and  Nutrition; 
Suggestions  for  New  Directions  in  Investigation  and 

Interpretation 

L.  P.  Herrington 

Yale  University 


There  is  at  least  one  general  conclusion  that  may  be  drawn  with 
respect  to  high-temperature  stress.  This  conclusion  is  found  in  the 
common  agreement  that  the  tolerance  of  men  for  over-all  stress  can¬ 
not  be  maintained  or  extended  unless  their  diet  is  psychologically 
acceptable  as  well  as  physiologically  sufficient. 

Progress  in  this  field,  however,  is  certainly  not  at  an  end  with 
acceptance  of  this  conclusion.  Stress  associated  with  unpalatable  food 
or  physiologically  inadequate  food,  and  other  conditions  of  existence 
which  affect  the  human  being,  is  an  individual  proposition.  The  estab¬ 
lished  technique  of  the  physiologist  in  these  fields  has  been  to  examine 
group  results.  This  is  a  desirable  method  as  a  primary  approach  and 
basic  to  our  systematic  knowledge  in  physiology.  For  many  problems, 
however,  this  approach  is  not  adequate,  and  significant  advances  re- 
suit  from  studies  of  individuals.  In  the  present  instance  careful  studies 
of  the  diet  selections  of  individuals  with  low-  or  high-heat  tolerance 

should  be  made. 
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Unless  the  field  of  individual  differences  is  developed  with  respect 
to  both  heat  stress  problems  and  their  dietary  correlation,  we  are  not 
apt  to  learn  more  than  we  know  now  with  respect  either  to  heat  stress 
or  to  the  correlation  of  nutritional  factors  with  this  stress. 

In  current  papers  on  these  subjects,  the  conclusions  are  usually 
drawn  for  mean  values  and  results  referred  to  controls  which  are 
appropriate  in  the  particular  sense  in  which  these  mean  values  are 
used.  However,  with  respect  to  the  character  of  the  individual  re¬ 
sponses  and  with  respect  to  the  population  at  large,  these  conclusions 
are  conclusions  which  apply  to  the  mean  of  a  very  restricted  popula¬ 
tion.  It  is  rather  extraordinary  that  none  of  us  would  attempt  to 
estimate  the  metabolism  of  an  individual  without  giving  due  correc¬ 
tion  for  age  and  sex,  and,  of  course,  condition  of  activity;  however, 
it  is  quite  usual  with  respect  to  most  of  the  quantities  which  are 
measured  in  studies  of  dehydration,  heat  stress,  and  dietary  factors, 
to  regard  the  variability  of  the  data  as  having  its  primary  source 
in  factors  of  little  value  for  the  program.  Specifically,  the  variability 
data  are  used  most  frequently  to  estimate  the  reliability  of  the  mean 
value. 

To  expand  this  point  somewhat,  the  relatively  negative  conclusions 
on  diet  and  climatic  tolerance  are  not  acceptable  until  we  have  studied 
individual  differences  more  completely  and  treat  results  in  special 
populations  in  relation  to  established  results  for  the  general  population 
structure.  This  method  becomes  most  valuable  when  the  mean  value 
of  a  series  of  experiments  refers  to  repeated  measurements  on  an 
individual  distinguished  by  some  particular  performance  ability. 

A  second  comment  relates  directly  to  diet  acceptability.  The  im¬ 
portant  palatability  factor  has  been  investigated  largely  on  the  basis 
of  acceptance  or  refusal.  It  is  my  impression  that  the  relation  of  the 
olfactory  and  gustatory  thresholds  to  appetite  is  well  established. 
Techniques  are  now  available  which  could  relate  sensory  threshold 
changes  in  a  rather  precise  fashion  to  the  acceptability  of  foods  under 
various  stress  conditions.  Many  sensory  and  perceptual  mechanisms 
respond  to  emotional  set,  and  the  general  unawareness  of  the  subject 
ol  this  effect  is  an  item  of  great  importance  in  obtaining  objective 


pivpn  fn  ^  dlrectlon>  we  note  that  very  little  attention  has  been 
given  to  the  nutrition  features  of  heat  stress  in  relation  to  special 
systems  such  as  vision— so  important  to  the  soldier.  That  the  metabo 

W  th!  aSSOdated  tiSSUGS’  is  --Trtbly 

amerent  m  the  arctic  as  compared  with  the  tropics  is  imorobahlp  • 
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A  third  suggestion  that  may  be  offered  here  relates  to  the  meas¬ 
urement  of  heat  stress  and  to  the  interpretation  of  tolerance  levels 
I  do  not  propose  to  advance  an  index  of  heat  tolerance  in  final  form 
at  this  time.  We  have  evidence,  however,  that  under  conditions  of 
high-heat  stress  the  general  reserve  capacity  of  the  circulatory  system 
is  the  most  important  element  in  heat  tolerance.  This  statement  as¬ 
sumes  a  reasonable  adequacy  with  reference  to  maintenance  of  water 
balance  and  secretory  functions  in  the  individual. 

This  observation  is  one  way  of  stating  that  heat  tolerance  may  be 
a  special  case  of  tolerance  for  circulatory  stress,  a  capacity  which  is 
central  to  high-muscular  performance  in  all  environments.  It  is  sug¬ 
gested  that  the  problem  of  heat  tolerance  should  be  examined  and  an 
attempt  made  to  translate  reasonably  well-established  tolerance  times 
at  different  exercise  rates  into  predicted  tolerance  times  at  increasing 
levels  of  temperature  for  a  resting  human  being.  We  may  briefly 
examine  this  question.  The  circulation  serves  two  primary  functions 
— internal  tissue  needs  and  peripheral  heat  dissipation.  These  func¬ 
tions  are  antagonistic.  In  an  optimum  thermal  environment  the  best 
gross  measure  of  circulatory  demand  in  regard  to  tissue  needs  is  total 
metabolism.  In  a  hot  environment  the  best  gross  measure  of  circula¬ 
tory  demand  in  regard  to  heat  dissipation  is  total  sweat  secretion. 
Circulatory  stress  in  the  heat  situation  is  reflected  in  the  increasing 
encroachment  of  heat  dissipation  demands  on  tissue  demand. 

Are  there  good  reasons  for  believing  that  the  circulation  reserve, 
which  is  measured  when  subjects  are  exercised  to  exhaustion  at  va¬ 
rious  rates  of  work  in  thermally  ideal  environments,  is  very  nearly 
the  same  quantity  which,  under  heat  stress,  is  partitioned  between 
two  competing  functions,  tissue  circulation,  and  peripheral  heat  dis¬ 
sipation?  We  may  consider  the  following  examples. 

For  a  period  of  20  minutes  a  man  may  exercise  at  a  rate  of  17  to 
18  times  the  basal  rate.  For  exercise  periods  of  4\/<±  hours  and  for  24- 
hour  combinations  of  work,  sleep,  and  rest,  peak  metabolic  power  is 
near  7.5  and  5  basal  units,  respectively.  In  relation  to  both  the  nu¬ 
tritional  and  the  heat  tolerance  problems  that  have  been  discussed 
here,  it  is  desirable  to  estimate  the  upper  tolerance  limit  for  heat  for 
the  resting  man  on  the  assumption  that  the  circulatory  limits  implied 
in  the  peak  metabolic  power  associated  with  work  in  ideal  thermal 
environments,  minus  one  basal  unit,  may  be  applied  at  rest  to  extend 


heat  tolerance. 

It  is  suggested  to  members  of  this  symposium  that  they  determine 
from  their  data  multiples  of  basal  rate  represented  by  cool  exercise 
exhaustion  in  periods  of  30  minutes,  4i/>  hours,  and  peak  metabolism 
for  24-hour  periods  of  rest  and  work.  Subtract  from  each  va  ue,  one 
basal  unit.  Convert  these  basal  units  of  time-limited  metabolic  power 
to  evaporated  calories.  Locate  in  the  literature  comparable] rates 
evaporation  for  resting  subjects  in  environments  in  which  humidi  y 
is  low  and  air  movement  comparable  to  that  of  exercise.  Consider 
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that  the  temperatures  so  found  are  heat  tolerance  limits  for  the  rest¬ 
ing  subject  for  the  times  theoretically  equivalent  to  the  exhaustion 
time  at  exercise  in  ideal  environments. 


Having  done  this,  I  would  be  the  first  to  grant  that  the  measure 
is  gross.  However,  I  have  found  that  an  exhaustion  time  at  coo 
exercise  of  20  minutes  predicts  a  resting  heat  tolerance  of  20  minutes 
for  a  point  about  25°  above  Taylor’s  limit  of  15  to  20  minutes  resting 
exposure  at  260°  F.  In  like  manner  cool  exercise  exhaustion  times 
of  41/*  hours  and  24  hours  predict  4 14-hour  heat  tolerances  near 
130°  F.  and  a  24-hour  resting  heat  tolerance  near  110°  F. 


The  fact  that  such  direct  calorie  conversions  yield  these  approxi¬ 
mately  accurate  temperature  tolerance  values — rather  than  95°,  180°, 
and  350°  F.,  which  are  immediately  recognizable  as  unrealistic — sug¬ 
gests  to  me  that  a  concerted  effort  should  be  made  to  rationalize  the 
accumulated  data  on  the  purely  physiological  elements  of  heat  stress 
within  a  frame  of  quantitative  assumptions  similar  to  those  which 
have  proven  so  useful  in  describing  the  biophysical  side  of  the 


problem. 

It  is,  of  course,  clear  from  the  foregoing  remarks  that,  broadly 
speaking,  the  ability  to  tolerate  heat  exposure  is  not  significantly 
different,  as  I  see  it,  from  the  problem  of  physical  fitness  in  the  broad 
sense.  In  addition  to  this  proposal  that  at  least  tentative  correlations 
be  developed  between  exercise  and  heat  tolerance,  other  neglected 
lines  of  investigation  may  be  mentioned. 


One  of  these  is  the  problem  of  body  mass  heat  capacity  as  it  affects 
our  understanding  of  unsteady  state  acute  exposure  as  contrasted 
with  long-term  equilibrium  exposure.  The  thermal  adjustment  time 
of  man  is  in  many  ways  more  important  than  a  description  of  the 
condition  of  thermal  balance.  As  is  well  known,  thermal  adjustment 
times  are  a  function  of  body  mass,  clothing,  and  the  condition  of  the 
peripheral  circulation.  The  effect  of  mass  is  well  illustrated  in  Figure 
1,  which  compares  a  number  of  species  ( 1 ). 

As  a  further  development  I  would  be  much  interested  in  experi¬ 
mental  attempts  to  show  important  long-term  adaptations  in  the  basic 
constitution  of  man  and  animals  as  a  function  of  the  life  habitat 
temperature.  The  vast  majority  of  experiments  in  the  acclimatization 
field  are  in  fact  quite  short  termed,  and  most  of  them  stress  the  im¬ 
mediate  features  of  physiological  balance  and  biochemical  partici¬ 
pation  in  the  process  of  climatic  adjustment. 


In  Figure  2  are  shown  the  results  of  different  life  habitat  tempera- 

nn?entfr7VheihKe  of  twe!! 11 1 until  maturity  on  a  structural  com¬ 
ponent  of  the  albino  rats  physical  constitution.  The  data  shown  Ulus- 

trate  the  changes  in  aortal  ring  distensibility  in  groups  of  40  animal* 

raised  at  temperatures  between  65°  and  95°  F.  In  addition  curve* 

are  included  for  the  effects  of  thyroid  feeding  and  artificial  disturb 

ance.  In  general,  the  warmer  temperatures  p?oduce  elastic  funS 
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Tim#  Constant*  of  Body  Moss  Thenmol  Equilibration  for  Different  Sp*ci*t ."* 
Adjustment  Equilibration  90%  Com  plats 


Anlmol 

Type 

Weight 

A 

Adjustment  Time 
(Shorn) 
hour* 

o 

Adjustment  Tim* 
(pertph.  Intula.  Equtv 
to  6.5%  Body  Wt.) 
hours 

C 

Diurnal  Temperature 
Stimulation  Coeff. 
12  hr* 

B 

Shrew 

3.5 

gms 

0.31 

0.48* 

25.0 

Mouse  (olb.) 

27.0 

gmt 

0.48* 

0.82* 

14  6 

Rat  (olb  ) 

350.0 

gms 

1  .04* 

2.32* 

5.17 

Guinea  PIq 

630.0 

gms 

1  .55* 

3.78* 

3.18 

Oomeefic  Foul 

1  2.30  Kg 

1.92* 

4.71* 

2.12 

Sheep 

50.0 

Kg 

5.26 

24.0  * 

0.50 

Man 

70.0 

Kg 

5.52* 

28.4  * 

0.42 

Cattle 

454.0 

Kg 

10.7 

92.0 

0.13 

Elephant 

4500.0 

Kg 

22  1 

4180 

0.03 

‘Values  for  external- thermal  conductance  ovoilobls. 

“Values  computed  from  _  _  ,e-(Ai|  t 

T*fcin  °*  ,,me  *•  T2-(T2-TI  *  <BC) 


T(  and  Tg  *  inltiol  ond  flnol  »Kin  temperatures 

Ak,  total  thermal  conductance  to  asternal  environment 

BC,  product  of  total  body  heat  copocity  ond  weighing 
toe  tor  of  deep  ond  tor  foes  temperature 

Figure  1. 

Thermal  Equilibration  Time  Constants  for  Various  Species 
Related  to  Diurnal  Temperature  Stimulation  Coefficient. 
Values  of  the  latter  above  1.0  indicating  no  damping  effect 
of  body  mass  on  cyclic  temperature  variations  of  less  than 
12  hours.  (Reference  [1]) 


MO 


ACC  IN  OASTS 


TtMft  in  oca.  r. 


CONDITIONS 


Figure  2.  .  . 

Value  of  modulus  of  elasticity  wilt '  'vaHMS^types""  Habitat 

groups  of  albino  rats  subjected  to  600,  210,  180  120,  and  9 

temperatures,  95  ,  90  ,  83  ,  8Z  dietary  additions— lead,  alcohol,  or 

days,  (Reference  [2]). 
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Figure  3. 

Tensility  of  aortal  rings  of  albino  rats  living  in  different  temperature  habitats. 
At  any  constant  habitat  temperature,  curves  of  animals  at  increasing  age  are 
displaced  downward.  Curves  labeled  1939a  and  1940  are  groups  120  days  old; 

1939b,  210  days  old.  (Reference  [2]). 


n  V  IGURE  4. 
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in  these  structures  which  are  age  mimetic,  as  is  shown  by  the  follow¬ 
ing  figure  in  which  this  property  is  measured  as  a  function  of  age 
and  temperature  (Figure  3)  (2). 

A  further  type  of  experiment  which  I  feel  can  advance  these 
problems  is  illustrated  in  Figure  4  (3).  Here  the  pattern  effect  of 
various  climatic  exposures  on  body  organ  weight  in  the  rat  is  shown, 
as  this  pattern  is  influenced  by  various  treatments.  Both  patterns 
are  referred  to  a  base  line  at  100,  which  represents,  in  a  relative  sense, 
the  development  of  the  structure  (identified  on  the  abscissa)  in  rats 
living  near  thermal  neutrality.  In  relation  to  the  current  interest  in 
integral  expressions  of  stress,  I  draw  attention  to  the  fact  that  the 
profile  of  the  shifts  in  relative  organ  weight  produced  by  either  heat 
or  cold  stress  are  strikingly  similar,  and  this  effect  is  found  despite 
the  fact  that  the  actual  changes  reflected  by  structure  weights  are  in 
opposite  directions  for  heat  and  cold,  respectively. 


Summary 

No  attempt  has  been  made  in  this  brief  discussion  to  cover  the 
innumerable  details  and  many  departments  of  interest  involved  in 
human  adjustment  to  stress.  An  attempt  has  been  made,  however,  to 
show  that  the  limits  of  heat  tolerance  for  various  periods  of  time 
may  be  predictable  from  exhaustion  times  in  work  under  cool  condi¬ 
tions.  Further,  the  data  suggest  the  underlying  community  of  abilities 
to  tolerate  diverse  stresses,  despite  important  differences  in  the 
physiological  details  of  these  adjustments. 

In  this  connection,  illustrations  have  been  given  of  long-term  con¬ 
stitutional  adjustments  to  climate  in  the  vascular,  glandular,  and  body 
organ  fields,  with  the  thought  that  these  neglected  long-term  factors 
should  receive  increased  attention  in  studies  of  the  nutritional  factors 
involved  in  climatic  adjustments. 
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Nutritional  Requirement 

Homeotherms  not  adequately  insulated  against  cold  must  increase 
their  heat  production  to  keep  from  freezing.  This  is  the  case  of  man 
even  heavily  clothed  and  of  laboratory  animals.  This  increased  heat 
production  is  dependent,  if  it  is  to  be  sustained,  on  a  larger  than 
normal  food  intake.  The  choice  fuel  for  this  extra  heat  is  not  neces¬ 
sarily  the  same  as  that  required  for  maintaining  body  heat  in  a  tem¬ 
perate  environment,  and  the  pathways  of  oxidation  may  also  differ. 
Studies  have  been  made  of  the  effectiveness  of  the  major  nutrients 
in  this  connection  and  of  the  repercussions  of  the  struggle  against 
cold  on  body  requirements  for  accessory  food  factors. 

Major  nutrients.  Most  of  the  evidence  on  hand  points  to  proteins 
as  being  undesirable  as  a  fuel  for  extra  heat  production  in  the  cold. 
By  comparison  with  fats  or  sugars,  Keeton  and  co-workers  (1)  have 
found  that  in  man  proteins  exert  a  depressing  effect  on  tolerance  to 
cold.  According  to  Mitchell  ( 2 )  the  specific  dynamic  action  of  pro¬ 
teins  cannot  contribute  significantly  to  total  heat  production  in  non¬ 
resting  subjects  exposed  to  cold.  Animal  experimentation  ( 3 ,  -4)  has 
yielded,  negative  results  when  comparison  is  made  between  a  nor¬ 
mally  adequate  protein  intake  and  a  high  dietary  level  of  this  nutrient 
(Table  1).  When  animals  are  restricted  to  a  single  nutrient,  protein 
is  hardly  better  in  the  cold  than  complete  starvation  (5) .  The  findings 
apply  to  proteins  from  a  quantitative  standpoint  and  do  not  bear  on 
qualitative  differences  between  them,  a  subject  already  covered  by 
Dr.  Chow. 


TABLE  1 


Lack  of  Effect  of  a  Liberal  Protein  Intake  on  the  Body  of  Weights 

of  R  ats  Exposed  to  Gold  a 
(Experimental  period :  75  days) 


Number  of 
rats 

Protein 
content  of 
ration 

Final  body 
weight 

Changes  in 
body  weight 

P. 

A 

24 

% 

21  .6 

g. 

290  ±  7  .9 

g. 

-5  .5  ±  4  .4 

B 

20 

30.0 

295  ±  7  .0 

-1 .0  ±  4  .0 

>  .4 

a  The  rations  contained  40%  fat  by  weight. 
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The  desirability  of  fats  rather  than  carbohydrates  as  the  main 
component  of  a  complete  ration  has  been  studied  in  both  man  and 
animals.  In  the  latter,  self  selection  of  individual  nutrients  by  rats 
points  to  fats  as  preferable,  according  to  Dugal,  et  al.  (tf) .  In  our  own 
experiments,  rats  were  given  either  a  low-  or  a  high-fat  diet,  the  diets 
being  isometric  in  terms  of  protein,  minerals,  and  vitamins.  Under 
these  conditions,  the  rats  on  a  high-fat  diet  registered  larger  gains 
in  body  weight  over  a  four-month  period  at  2°  C.  although  they  were 
not  significantly  fatter  (Table  2)  (7).  Donhoffer  and  Vonotsky  (5) 
noted,  on  the  other  hand,  a  preference  for  a  high-starch  ration  in  a 

TABLE  2 

Effect  of  Dietary  Fat  Level  and  Environmental  Temperature  on 

Body  Weight  Changes  in  the  Bat 

(Experimental  period:  120  days) 


Number  of 
rats 

Final  body 
weight 

Changes  in 
body  weight 

Significance  of 
differences  be¬ 
tween  groupsb 

g- 

g- 

P. 

A — Room  Temperature: 

378 

96  ±  4  .95 

<.01 

Low-Fat  Group . 

25 

High-Fat  Group . 

26 

411 

129  ±9.38 

B — Cold  Room: 

-5  +  5.05 

<.01 

Low-Fat  Group . 

24 

277 

High-Fat  Group . 

24 

295 

+13  ±  4  .16 

b  Standard  error : 


2d2 


n(n  -1) 


free  choice  experiment  with  rats,  except  during  the  initial  period  of 
exposure  to  cold.  In  man,  the  Illinois  workers  (9)  found  smaller  dif¬ 
ferences  between  high-fat  and  high-carbohydrate  rations  than  they 
had  observed  previously  when  comparing  high  protein  to  high  carbo¬ 
hydrate  regimes.  Criteria  of  efficiency  included  body  temperature, 
psychomotor  tests  and  visual  efficiency.  On  the  whole,  they  esta  - 
lished  that  high-fat  rations  were  significantly,  or  with  high  Proba  “ 
ity,  better  than  high-carbohydrate  ones.  This  bene^cia^ 
attributed  to  increased  subdermal  insulation  on  the 
This  conclusion  is  not  supported  by  our  own  lnvesti^ko  . 
tribution  of  body  fat  in  rats  maintained  on  either  type  of  ration  4) . 
In  the  cold,  fat  distribution  in  the  subcutaneous  region,  in  adJP°se 
tissue  proper  and  in  the  dressed  carcass,  respectively,  is  identical  o 

both  dietsPeand  the  same  as  that  found  at  room  “  “ 

low-fat  regime  (4).  A  high-fat  ration  at  room  temperature  resu 
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in  the  deposition  of  excess  fat  in  adipose  tissue  rather  than  sub¬ 
cutaneously.  It  therefore  appears  that  any  beneficial  effect  of  high-fat 
diets  on  body  insulation  is  limited  to  a  possible  increase  in  total  fat 
(Figures  1,  2,  3,  and  4). 

It  should  be  stressed  that  body  composition  expressed  percentage¬ 
wise  is  completely  misleading  when  body  weights  differ  appreciably 
between  groups.  Different  percentages  for  a  given  fraction  may 
simply  represent  different  points  on  a  same  and  physiologically  nor¬ 
mal  distribution  curve. 

Consolazio  and  Forbes  (10)  have  reported  that  pemmican  as  the 
sole  food  is  unsuitable  for  human  consumption;  this  has  sometimes 
been  interpreted  as  an  argument  against  high-fat  rations.  The  pem¬ 
mican  contained  equal  parts  of  protein  and  fat  and  less  than  two  per 
cent  carbohydrates.  Their  observations  pointed  out  to  an  equal  extent 
the  importance  of  a  certain  amount  of  carbohydrates  in  the  dietary 
and  the  drawbacks  of  a  high-protein  ration. 

Vitamins.  Few  vitamins  have  escaped  mention  as  being  required 
in  larger  amounts  in  the  cold  by  animals.  In  man,  results  to  date 
have  in  the  main  been  negative.  It  is  clear,  however,  that  increased 
requirements  are  in  some  cases  not  specifically  due  to  cold  per  se  but 
result  from  the  greater  wear  and  tear  of  enzymes  entailed  by  a  higher 
metabolic  rate.  Other  vitamins  may  achieve  a  greater  importance 
than  at  ordinary  environmental  temperature  because  of  the  coming 
into  pre-eminence  of  some  particular  biochemical  process.  Among 
those,  one  may  mention  ascorbic  acid  (11) — which  is  somehow  linked 
with  the  ubiquitous  cortical  hormones — and  probably  also,  pantothenic 
acid— which  seems  essential  to  the  synthesis  of  steroids  (12)  and 
which  occupies  in  the  form  of  coenzyme  A  a  strategic  position  in  the 
acetylation  reactions  (13).  These  in  turn  govern  entrance  into  and 
exit  from  the  Krebs  citric  acid  cycle  (14). 
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Figure  1. 

Showing  distribution  of  fat  at  room  temperature. 

Legend 

Low  fat: - 

High  fat: - 


Figure  2. 

Distribution  of  fat  (cold  room). 
Legend 

Low  fat: - 

High  fat: - 
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Figure  3. 

Fat  distribution  (%  of  total  fat)  at  room  temperature. 
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animal  experimentation  no  effort  is  usually  made  to  adjust  the  protein 
level  of  the  ration  on  a  caloric  intake  basis.  As  a  result,  food  intake 
being  nearly  doubled  around  2°  C.,  an  18%  casein  ration  is  equivalent 
to  a  35%  one  at  ordinary  room  temperature. 

Of  more  interest  is  the  fact  that  cold-adapted  animals  resist  a 
colder  environment  much  more  satisfactorily  than  non-adapted  ones. 
According  to  Giaja  (16),  the  lower  the  preceding  acclimatization 
temperature,  the  higher  is  the  subsequent  rise  in  oxygen  consumption 
and  the  less  is  the  hypothermia,  if  any.  Curiously  enough,  in  these 
experiments,  a  non-adapted  rat  exposed  to  a  given  degree  of  cold  will 
raise  his  heat  production  but  not  quite  enough  to  prevent  hypothermia. 
At  a  still  lower  temperature,  he  will  raise  his  metabolism  still  further 
but  will  again  become  hypothermic.  One  wonders  why  he  did  not 
use  in  the  first  instance  the  extra  heat  production  of  which  he  is 
capable  and  thus  prevent  hypothermia  completely. 

Blair,  et  al.  (17)  have  shown  that  rats  and  rabbits  exposed  to  a 
moderate  cold  for  seven  weeks  can  subsequently  tolerate  exposure  to 
a  much  colder  environment  without  adverse  physiologic  responses.  In 
fact  the  colonic  temperature  of  rats  goes  up  instead  of  down.  Dugal 
and  Fortier  (11)  made  essentially  similar  observations  in  monkeys 
adapted  to  cold  with  the  help  of  ascorbic  acid.  We  also  found  that 
rats  exposed  to  near  zero  temperatures  for  only  two  weeks  responded 
to  a  subsequent  two-hour  exposure  to  —20°  C.  by  a  slight  hypo¬ 
thermia  in  contrast  to  the  hypothermia  observed  previously  (Table  3). 
Inasmuch  as  these  rats  made  no  gain  in  body  weight  or  weighed  less 
after  exposure,  their  increased  resistance  to  cold  can  hardly  be  as¬ 
cribed  to  a  better  insulation.  Sellers  (18)  has  already  shown  by  clip¬ 
ping  rats  that  insulation  is  not  a  factor  of  primordial  importance. 
Adolph  (19)  has  found  no  significant  increase  in  maximal  oxygen 


TABLE  3 


Effects  of  a  Two-Hour  Exposure  at  -20°  G.  on  Oxygen  Consumption 

and  Colonic  Temperature 


Average 
body  weight 

Oxygen 

consumption 

(c°/m2/min.) 

Changes  in 
colonic  temp. 

A — Before  Adaptation  to  Cold : 

g. 

242 

227 

550  ±  10 
566  ±  7 

°F. 

_1 .84  ±0.59 
-1 .67  ±0.46 

High-Fat  Group . 

B — After  Adaptation0  to  Cold: 

234 

227 

558  ±  5 

584  ±  8 

+  1  .20  ±0.30 
+  1 .10  ±0.27 

UisvVt  Fo t  flrmin  . 

c  Two  weeks  at  3°-2°  C. 
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consumption  in  cold-adapted  rats.  Increased  heat  production  in  our 
own  observations  (taking  into  account  the  standard  errors  of  the 
means)  could  account  for  the  difference  observed,  but  this  may  be 
only  a  partial  answer  until  we  know  the  regional  source  of  this  exti  a 
heat  and  the  foodstuffs  oxidized  for  this  purpose.  There  may  be  an 
increased  conversion  of  sugars  to  fats  and  there  may  even  be  a  signi¬ 
ficant  conversion  of  fats  to  sugars  through  “active  acetate”  reactions. 
In  vivo  studies  suggest  that  ACTH  and  corticoids  may  stimulate  such 
a  metabolic  shift  (20,  21).  Although  such  changes  in  metabolic  path¬ 
ways  may  have  no  large  effect  on  total  heat  production  and  global 
R.  Q.’s,  they  may,  however,  affect  the  distribution  of  heat  production, 
e.g.  by  increasing  peripheral  metabolism.  This  might  increase  the 
heat  gradients  at  the  body  surface  and  lower  the  efficiency  of  total 
body  heat  conservation.  It  would,  however,  (given  a  sufficient  supply 
of  heat)  increase  the  effectiveness  of  such  heat  production  in  pro¬ 
tecting  the  extremities  against  cold  injury.  In  other  words,  this 
chemical  adaptation  may  provide  a  means  of  modifying  the  response 
to  cold  of  the  vascular  mechanisms. 


These  speculations  are  ventured  because  of  the  importance  ui 
nutrition  in  this  respect.  Such  a  biochemical  adaptation  involves  a 
build-up  of  the  necessary  enzymes,  a  suitable  substrate  and  the  neces¬ 
sary  hormonal  stimulus.  Vitamins  are  involved  both  in  the  produc¬ 
tion  or  release  of  hormones  and,  in  the  form  of  coenzymes,  they  are 
essential  in  different  phases  of  metabolism.  They  may  therefore  be 
required  in  larger  amounts  when  such  metabolic  shifts  occur.  Of  equal 
importance  may  be  the  desirability  of  supplying,  when  possible,  the 
most  suitable  food  substitute.  There  are  good  examples  of  this  type 
of  relationship  between  diet,  enzymatic  activity  and  hormones.  Baker, 
Chaikoff,  and  Schusdek  (22)  have  reported  on  the  effect  of  dietary 
fructose  in  diabetic  rats.  The  livers  of  these  animals  on  an  ordinary 
regimen  lose  almost  completely  their  capacity  to  synthesize  fatty 
acids  from  acetate  and  lactate.  The  feeding  of  a  ration  containing 
58%  fructose  for  four  days  prior  to  sacrificing  the  animals  completely 
restores  this  function  although  lipogenesis  from  glucose  remains  im¬ 
paired.  Samuels,  Roberts,  and  co-workers  have  shown  that  high-fat 
diets  increase  the  survival  time  of  eviscerated  animals  by  sparing 
blood  glucose  (23)  ,  that  they  have  a  sparing  action  on  liver  glycogen 
disappearance  during  fast  (24),  and  also  that  they  increase  insulin 
tolerance  (25)  These  are  a  few  examples  of  the  influence  of  diet  in 
orientating  the  metabolism  in  a  given  direction  or,  in  facilitating  a 
given  reaction  by  bypassing  what  might  be  termed  a  bottleneck. 

It  is  clear  that  more  research  is  needed  concerning  the  metabolic 
changes  which  characterize  biochemical  adaptation  to  cold  both  from 
the  standpoint  of  their  nature  and  of  their  site.  To  what  extent  this 
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The  effect  of  environmental  temperature  and  climate  on  energy 
requirements  means,  among  other  things,  that  in  a  cold  environment 
where  the  energy  requirements  are  increased,  the  requirements 
for  all  of  those  micro  nutrients  which  are  concerned  in  the  liberation 
of  energy  from  the  organic  nutrients  will  be  increased,  too.  In  other 
words,  if  you  raise  the  energy  intake  from  3000  cal.,  you  should  raise 
the  content  of  riboflavin,  thiamine,  and  other  water-soluble  vitamins, 
and  also  perhaps  the  trace  minerals,  in  proportion  to  the  rise  in  caloric 
intake. 

The  best  quantitative  measure  of  the  effect  of  climate  on  energy 
requirements  was  shown  by  Dr.  Kark  in  illustration  of  the  work  that 
he  and  Johnson  did  on  about  24  groups  of  men,  varying  in  size  from 
50  to  200  each,  living  in  climates  varying  from  92°  F.  to  about 
—30°  F.  They  were  clothed  appropriate  to  the  environment  in  which 
they  lived.  Their  activity  was  very  similar.  The  correlation  between 
the  voluntary  consumption  of  calories  and  the  mean  surrounding  tem¬ 
perature  was  very  high,  and  the  regression  of  caloric  intake  on 
temperature  was  linear.  The  slope  of  the  line  was  equivalent  to  a 
change  of  about  16  cal.  per  degree  drop  or  per  degree  rise  in  environ¬ 
mental  temperature  which  would  mean  that  for  these  average  men, 
average  in  weight,  every  degree  rise  in  environmental  temperature 
would  decrease  the  daily  requirement  for  calories  hv  ahnnt  in  a 


ide  and  nicotinic  acid,  and  on  the 
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same  men  during  adjacent  nonexposure  days  the  24-hour  urines  were 
examined  also  for  this  nicotinic  acid  metabolite  or  nicotinic  acid  itself. 
For  all  men  so  treated,  on  the  exposure  days  the  mean  output  of 
Na-methylnicotinamide  was  significantly  greater  than  on  nonexposure 
days. 


If  we  consider  the  output  of  vitamins  in  the  urine  as  a  sort  of 
spill-over  phenomenon  where  the  body  is  getting  rid  of  what  it  doesn’t 
need,  perhaps  after  some  slight  metabolic  modification,  the  observation 
just  cited  might  be  interpreted  to  mean  that  the  requirement  for 
nicotinic  acid  is  decreased  in  the  cold,  so  you  get  an  increased  excre¬ 
tion  in  the  urine.  We  have  observed  a  similar  situation  with  reference 
to  riboflavin  in  the  case  of  the  pig.  We  have  shown,  in  what  we  con¬ 
sider  to  be  careful  experiments,  that  the  pig  does  need  more  riboflavin 
in  the  cold  than  in  the  hot.  At  the  same  time  we  have  shown  that  the 
output  of  riboflavin  in  the  urine  is  decreased  in  the  cold  as  compared 
to  a  comfortable  temperature.  Again,  if  you  consider  the  urinary 
output  of  a  vitamin  as  being  a  sort  of  spill-over  phenomenon,  this 
would  mean  that  the  requirement  for  riboflavin  is  more  in  the  cold 
as  we  showed  to  be  the  case  by  other  types  of  evidence. 


I  might  cite  additionally  some  work  that  Butler  and  Sarett  did  at 
Tulane  University  where  they  replaced  in  man  a  fairly  considerable 
proportion  of  carbohydrate  calories  by  alcohol  calories.  They  got  an 
increase  in  thiamine  output  in  the  urine  which  they  interpreted  to 
mean  that  thiamine  is  less  involved  in  the  oxidation  of  alcohol  than 
it  is  in  the  oxidation  of  sugar.  When  you  substitute  alcohol  for  sugar 
you  lower  the  thiamine  requirement  and  more  thiamine  appears  in 

the  urine.  .  .. 

Would  it  not  be  possible,  if  that  concept  is  true,  to  do  some  pilot 

experiments  at  least  on  the  human  in  this  way:  Take  some  men  and 
feed  them  say  in  a  comfortable  environment,  a  borderline  dose  of  a 
tnven  vitamin— riboflavin  for  example— with  what  you  know  to  be 
adequate  doses  of  the  other  vitamins  and  determine  the  riboflavin 
output  in  the  urine  per  day.  Then  on  the  same  diet,  but  raised  to  a 
higher  level  because  you  are  going  to  put  your  man  in  the  cold,  deter¬ 
mine  the  output  of  urine  and  riboflavin  in  the  cold. 

Some  investigators,  including  Cowgill,  have  shown  that  the  output 
of  some  vitamins  in  the  urine  depends  upon  urine 
make  these  two  tests  more  closely  comparable,  I  would  say  that  the 
water  intake  should  be  adjusted  so  that  the  volume  of  urine  would 
be  the  same  in  a  comfortable  environment  as  it  mm  the  cold.  If  the 
human  reacts  like  the  pig,  then  I  would  expect  that  in  the  cold  th 
riboflavin  in  the  urine  would  decrease  in  amount  in  the  24-hour  col 
lection^  compared  with  the  output  in  the  comfortab  e  room^ 

That  would  mean,  if  it  turned  out  as  indicated  that  the  ribofla 
requirement  is  greater  in  the  cold  than  in  the  h  .  man 

in  to"  calories  in  his  diet 
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until  you  got  the  same  output  of  riboflavin  in  the  urine  during  cold 
exposures  as  you  did  in  the  warm  exposure,  and  wouldn  t  that  in¬ 
creased  amount  of  riboflavin  (that  which  you  have  to  add  to  bring 
about  the  same  spill-over  effect  in  the  urine)  be  a  measure,  perhaps 
only  an  approximate  measure,  of  the  extent  to  which  the  riboflavin 
requirement  had  been  increased  in  a  cold  environment? 


Studies  on  Troops  in  the  Field 

R.  M.  Kark 

University  of  Illinois  Medical  School 


Field  studies  have  been  carried  out  on  healthy  soldiers  and  on  those 
who  were  “damaged.”  They  have  been  done  by  single  skilled  observ¬ 
ers,  such  as  Dr.  Pollack  and  through  elaborate  testing  by  large  groups 
of  people,  with  or  without  mobile  or  fixed  scientific  research  labora¬ 
tories.  Field  studies  have  been  made  in  training  camps  and  in  special 
field  test  areas  where  simulated  battle  activities  were  carried  out  in  a 
variety  of  climates.  Indeed,  the  most  successful  and  militarily  useful 
field  studies  were  rather  elaborate  ones  carried  out  in  combat  areas. 


iiiaui* 


The  field  studies  of  World  War  II  have  shown  that  we  can  r 
tain  adequate  nutrition  and  good  efficiency  in  all  climates  in  which 
man  lives.  Field  studies  have  shown  that  physical  deterioration  in 
soldiers  may  be  due  to  inadequate  nutrition,  but  perhaps  what  is  more 
important  they  have  shown  that  loss  of  military  efficiency  through 
inadequate  nutrition  is  most  often  due  to  inadequate  planning,  cater¬ 
ing  or  supply,  and  to  inadequate  training  or  indoctrination. 

•  I?.Pa5tlC,Ular’  ®eid  studi.es  have  shown  that  in  weather  below  freez- 
mg  the  feeding  of  troops  in  the  field  presents  many  problems  which 
need  solution.  I  only  need  to  remind  you  that  our  problem  now  in  Korea 
s  he  matter  of  feeding  troops  in  a  static  situation.  When  we  come 
to  the  problem  of  feeding  troops  who  are  mobile  in  cold  weather  oo^r 
ations,  we  get  into  difficulties  which  seem  insurmountable  Anv  of 
us  who  saw  Sir  Hubert  Wilkins’  movie  last  night and  those  of  ° 

iSfiSHSS* = ss 

and  making  their  own  meals.  We  realize  that  if  they h*^  i?nd  5llve’ 
with  a  mobile  enemy  in  arctic  cLmi  TT  !t  they  had  been  faced 

their  own  meals  and  water  as  weU  as  fiX'  6  °f  PreParin2 

impossible  task.  Therefore  the  mn  t  • ghtmg’  would  have  become  an 
solve  is  the  pr°blem  we  have  to 

troops  in  the  cold.  I  suggest  that  the  cm«  t  provldlnS  hot  food  for 
novel  techniques  as  rocket  parachute  ^  f  ermaster  look  into  such 
and  drinks.  These  ideasmaybe^eveloned”  «  hot  foods 

have  to  be  tested  in  field  studies.  oped  m  a  laboratory  but  will 
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Field  studies  have  uncovered  nutritional  mysteries  which  need 
solution.  I  refer  to  the  false  ketonuria  in  troops  who  ate  overbaked 
C-ration  biscuits,  to  the  vomiting  and  diarrhea  in  those  who  ate 
too  many  D-bars,  and  to  the  involuntary  dehydration  and  collapse  of 
those  who  worked  hard  while  living  on  a  ration  which  provided  noth¬ 
ing  but  pemmican. 

The  problem  of  ketonuria  in  the  cold  is  unsolved  and  most  impor¬ 
tant  in  relation  to  nutrition  and  physical  efficiency.  One  of  the  things 
which  intrigues  me  is  the  fact  that  when  soldiers  go  out  on  a  patrol 
or  when  they  move  off  to  fight,  they  do  not  want  to  eat.  This  is  a 
psychological  cause  of  caloric  deficiency.  I  don’t  know  whether  people 
fight  better  when  they  are  hungry.  Maybe  they  do.  But  it  is  certainly 
something  that  needs  study  and  we  haven’t  studied  it. 


We  come  again  to  the  problem  of  feeding  troops,  especially  Air 
Force  crews,  under  survival  conditions,  where  there  is  evasive  action. 
It  is  impossible  to  supply  a  man  with  his  caloric  requirements  by  a 
magic  pill.  You  cannot  do  that.  There  is  no  magic  food  to  supply  the 
amount  of  calories  needed  for  escape  from  enemy  territory.  There  is, 
however,  at  least  one  solution  which  needs  study,  and  that  is  to  deter¬ 
mine  if  we  can  find  a  way  for  man  to  rapidly  mobilize  body  fat  stores 
as  a  ready  source  of  energy.  That  means  we  have  to  go  into  phar¬ 
macological  and  into  endocrinological  investigations  on  the  mobiliza¬ 
tion  of  body  fat.  From  the  point  of  view  of  pharmacology,  we  know, 
for  example,  that  Andean  porters,  who  carry  heavy  loads  in  moun¬ 
tainous  country,  can  maintain  high  work  output  and  efficiency  for 
long  periods  of  time  in  the  face  of  gross  caloric  deficiency.  They  keep 
going  because  they  chew  coca  leaves  (E ry thro xy Ion  Coca) .  Perhaps 
we  should  investigate  the  pharmacological  and  nutritional  effects  of 
coca  in  maintaining  efficiency  in  the  face  of  hunger. 

Maintaining  good  nutrition  is  like  maintaining  free, iom  ( of  speech 
or  democracy.  You  need  eternal  vigilance  to  make  it  work.  One  of 
the  things  that  Dr.  Youmans  had  developed  by  the  end  of  the  war  v  as 
oumber  of  nutrition  teams,  consisting  of  physicians,  Quartermaster 
Corps  officers  and  soldiers,  nutritionists,  and  techmca  officers,  who 

Y ou  mans  has  beerf  tost*  sight  of  since  the  war ^ 
need  to  reactivate  a  central  field  nu‘r‘t'"t>  should  be 

direction  of  the  "  individuals 

under  the  command  of  a  ^ed'eal  "  Marine  Corps.  It  should  con- 
from  the  Army,  Navy,  Air  Force,  officers  and  should  be  re¬ 
tain  Quartermaster  Corps  officers  am 1  :  me  ' »  « >  zone  of  the 

sponsible  for  all  funct.ons  of  rations  and  new 

“terns  rrfield  They  should  test  all  types  of  new  develop- 
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ment  of  techniques  of  feeding.  They  should  survey  food  intake  and 
food  wastage.  They  should  measure  the  nutritional  status  of  the 
troops  in  training  areas  and  they  should  go  to  the  fighting  man  in 
action  and  study  all  the  factors  relative  to  his  nutrition.  Their  find¬ 
ings  should  be  reported  to  this  committee,  as  well  as  to  the  appro¬ 
priate  military  headquarters. 


The  Coordination  of  Research  Approaches 

Ancel  Keys 

Laboratory  of  Physiological  Hygiene,  University  of  Minnesota 

“Coordination,”  and  the  companion  terms  “coordinator,”  one  who 
“coordinates”  so  as  to  bring  about  “coordination,”  are  such  popular 
and  currently  respectable  words  in  both  governmental  and  business 
circles  that  it  may  be  suspected  no  one  bothers  much  as  to  what  they 
really  mean. 

According  to  the  dictionary,  “coordination”  is  the  state  of  being 
in  harmonious  or  reciprocal  relation.  Hence  it  appears  that  the 
“coordination  of  research  approaches”  would  mean  putting  these 
approaches  into  harmonious  relation.  In  the  present  connection,  there 
is  the  task,  then,  of  balancing  and  arranging,  to  produce  a  harmoni¬ 
ous  and  effective  whole,  the  disparate  ideas  and  interests  and  activi¬ 
ties  of  the  several  military  agencies  and  the  cooperating  academic 
institutions.  Theoretically  these  are  all,  in  the  present  setting,  united 
in  the  common  goal  of  putting  the  art  and  science  of  nutrition  to  the 
most;  useful  service  of  the  military  machine  and  the  fighting  man. 
Th's  uniform  final  and  external  function  should,  it  might  be  thought 
suffice  to  produce  the  desired  harmony  in  itself. 

nrohllfT/  iS  needvfor  c°o>'di™tion  of  research  approaches  to  these 

ensure  that  ev^r?  “L1*?6  deslgn  and  adjustment  of  the  diet  to 
everything  that  nutrition  can  offer  is  effectively  put  to 
vork  to  lessen  the  various  burdens  of  climate  phvsical  strain  nnri 

laTid  !at  seahorkinhth.  g°  Wlt  pmi^itafry,  operatio.ns  whether  these  be  on 
i •  '  ’  c*  n  the  air.  Each  of  these  environments  has  its  nprn 

problems  Not,only  ls  there  Physiological  diversity;  the  logistic 
problems  have  perhaps  even  more  important  distinctions. 

their  tremendouselparaphernalia*ofr<aii>S  °r  °r  airme"'  with 

and  communication  devices  is  naturallT i  R""  platforms>  munitions 
problem.  His  ideal  of  a ration  ^  ™th  the  lo*istic 

strength  and  endurance  ll  Z Zm*  Ti U"  the  maximum  -W*  of 
years  and  be  suitable  for  storage  and  If  Should  be  stable  for 

below  zero  to  160°  F.  above  Finalh  -f  u  anythin£  from  85°  F. 
the  eating  and  assuage  the  appetite^  1  Sh°U  d  both  pive  Pleasure  in 
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Such  logistic  wishes  are  understandable  but  not  necessarily  reason¬ 
able.  They  run  counter  to  what  every  nutritionist  and  gourmet  knows 
— and  every  practical  nutritionist  should  be  something  of  a  gourmet. 
The  nutritionist-gourmet  knows  that  the  best  food  is  neither  highly 
compact  nor  indifferent  to  storage  and  that  what  goes  to  make  the 
ideal  meal  must  vary  greatly  according  to  the  attendant  circum¬ 
stances. 


One  of  the  great  tasks  of  the  military  nutritionist,  then,  is  to  “co¬ 
ordinate”  what  he  knows  about  practical  nutrition  with  the  wishes  or, 
more  accurately,  demands  of  “the  brass.”  This  means,  first,  making 
every  effort  to  bring  the  tactical  and  logistic  requirements  closer  to 
nutritional  reason.  There  is  a  continuing  educational  task  as  well  as 
the  need  for  patient  persuasion  and  cajolery.  And,  second,  this  means 
making  the  best  nutritional  compromise  to  the  tactical  and  logistic 
definitions  within  which  he  is  forced  to  work. 

The  mission  of  the  research  worker  and  the  scientific  adviser  in 
this  situation  is  to  find  the  nutritional  limitations  and  hazards  foi 
subsistence  in  all  the  varied  military  situations  and,  particularly,  to 
estimate  the  costs,  in  human  performance  and  well-being,  of  the  nutri¬ 
tional  compromises  that  must  be  accepted.  There  are  two  mam  tech¬ 
nical  areas  involved — physiology  and  food  technology  and  neither 
is  master  of  the  situation.  The  nutritionist’s  specifications  are  mean¬ 
ingless  unless  they  can  be  translated  into  actual  food  items,  that  can 
be  made  available  when  and  where  they  are  to  be  used.  And  the  psy¬ 
chologist  has  a  real  role  too,  for  the  food  must  be  eaten,  and  with  the 
maximum  of  satisfaction,  before  the  job  is  done. 

Hence  the  first  problem  of  coordination  of  research  approaches  s 
to  bdng  together  the  physiologist  the  ^ : food  t echnolo- 

irisf  the  Quartermaster  and  the  line  and  staff  officer.  P 

svmposfum  ^  of  real  value  in  this  connection.  Each  person  here  w.1 
J  JLV  wjth  a  much  better  understanding  of  the  problems,  attitude, 
and* knowledge— or  lack  of  it-of  the  participants  here  who  represent 

°^h  Academic  mitrltionists'are6  apt  to  be  overly  impressed  with  them 
own  area  of  interest,  the  scientific  elegance  of  ^ J^^ff 

ing  laboratory  animals  and  sy 'the  naivete  of  the  prof essors 
on  the  other  hand,  may  e  app  colony  to  men  momentarily 

in  thm-:Thetf;t::rerofwarZ  5^" «£  z  ** 

m  ^ St 

“bdyni  totally  untainted  with 

the  facts  of  life.  .  +v,OQP  Hpfects  of  knowledge,  but 

Efforts  must  b.e™f '*“^0  make  military  experts  out  of  pro- 
it  is  never  going  to  be  possible  to  ^  admira!s.  The  gap  must 

beeSb0Hdg°ed  by  [he^arteTmastel  the  man  in  the  military  laboratories 
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and  by  expert  advisory  boards  and  committees.  My  personal  view  of 
the  latter  is  that  they  have  had  too  little  representation  from  the 
Military  Services  and  that  in  joint  meetings  the  professors  do  too 


much  of  the  talking.  ,  , 

Perhaps  it  is  easier  to  reform  the  professors  than  the  genera  s. 
It  would  help  a  great  deal  if  more  attention  were  paid  by  the  profes¬ 
sors  to  the  actualities  of  human  nutrition  and  human  performance 
and  performance  capacity.  Undoubtedly,  the  general  principles  whic 
apply  to  experimental  animals  also  apply  to  man.  But  the  quantita¬ 
tive  problem  is  both  theoretically  and  practically  of  the  greatest  im¬ 
portance.  How  many  calories  of  a  guinea  pig  diet  correspond,  in  terms 
of  human  health  and  vigor,  to  how  much  food  for  a  soldier?  What  is 
the  factor  to  convert  a  month  of  rat  subsistence  to  a  month  of  combat 
in  the  life  of  a  man?  Granted  that,  on  the  whole,  a  negative  nitrogen 
balance  is  undesirable ;  what  does  ten  days  of  a  negative  balance  of 
three  grams  a  day  in  a  young  man  mean  in  terms  of  strength,  endur¬ 
ance,  resistance  to  infection  or  injury?  How  can  we  equate  degrees 
of  external  temperature  in  man  and  a  small  mammal  when  the  ratio 
of  body  surface  to  body  mass  differs  by  ten-fold? 

The  list  of  such  questions  could  be  extended  indefinitely.  Obvi¬ 
ously  quantitative  answers  on  man  must  be  obtained  on  man  himself. 
But  human  experimentation  is  both  difficult  and  costly  so  it  must  be 
made  as  efficient  as  possible.  This  means  all  possible  guidance  must 
be  sought  from  explorations  on  animals  and  these  must  not  be  limited 
to  rats  or  to  rodents.  And  advantage  must  be  taken  of  natural  human 
experiments  as  another  source  of  guidance  in  planning  and  carrying 
out  human  experiments.  This  means  using  not  only  the  information 
to  be  derived  from  hospital  patients  but  also  that  to  be  obtained  from 
human  population  groups  differing  widely  in  their  dietary  practices 
and  nutritional  status. 


It  is  easy  to  make  a  case  for  the  logic  of  research  progress  in 
military  subsistence  by  following  the  sequence:  metabolic  theory — 
animal  experiment — human  experiment — field  trial — analysis  of  expe¬ 
rience  in  practice.  But  dependence  on  this  sequence  would  ignore  the 
fact  that  good  ideas  may  arise,  and  in  some  instances  can  only  arise, 
from  close  observations  of  actual  subsistence  and  performance  in 
real  military  situations.  Useful  test  and  extension  of  such  ideas  may 
not  always  require  that  they  be  put  through  the  whole  sequence  from 
the  beginning  with  metabolic  theory  or  even  with  animal  experiments. 
It  may  be  far  more  efficient  to  start  with  the  human  experiment  or 
even  with  the  field  trial. 


A  good  case  of  logic  could  also  be  made  for  reversing  the  sequent 
0  go  from  combat  observation  back  to  metabolic  theory.  Practica 
considerations  will,  in  fact,  dictate  the  best  order  of  procedure  Bu 
the  important  point  is  that  we  cannot  have  full  confidence  that  ou 
research  answers  are  correct  until  they  make  good  sense  all  thp  wo, 
up  and  down  the  line.  This  means,  of  course,’ 'coordination  " 
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Let  us  now  briefly  examine  coordination  between  the  Services 
and  their  various  establishments.  Now  that  unification  is  official 
policy,  one  should  not  speak  of  inter-Service  jeolousies  or  competition 
for  priority.  But  certain  human  factors  and  established  customs  and 
organizations  remain.  And  there  is  the  fact  that  the  soldier  and  his 
mission  differ  in  detail  from  the  situations  faced  by  the  sailor  or 
airman.  In  the  Navy,  for  example,  a  program  of  subsistence  research 
devised  and  controlled  by  the  Army  Quartermasters  might  easily  fail 
to  take  account  of  the  special  problem  of  the  submariner. 

Such  difficulties  disappear,  or  at  least  would  be  largely  eliminated, 
by  joint  Service  control  over  the  whole  subsistence  research  program. 
Problems  of  administrative  responsibility  are  not  insoluble  and,  in 
many  cases,  are  relatively  unimportant.  The  question  is  to  bring  in, 
on  equal  status,  the  technical  people  of  each  of  the  Services  together 
with  the  non-military  experts,  including  the  professors.  And  the 
Military  must  not  be  forgotten  because  they  must  be  a  party  to  major 
decisions  if  these  are  to  be  translated  into  practical  action. 


Now  of  committees,  boards  and  panels  there  is  no  dearth  in  Wash¬ 
ington  and  there  must  be  clear  and  cogent  reasons  for  suggesting 
another  organization  to  do  what,  on  paper,  might  be  the  responsibility 
and  prerogative  of  one  now  in  existence.  There  is,  for  example,  the 
Food  Panel  of  the  Research  and  Development  Board  of  the  Depart¬ 
ment  of  Defense,  and  it  might  be  considered  sufficient  for  our  pur¬ 
poses.  In  fact,  however,  it  does  not  appear  that  it  has,  or  is  likely 
to  have,  effective  planning  and  operating  control  over  research  and 
development  work  on  all  problems  of  subsistence,  including  those 
under  discussion  in  this  Symposium.  Or  if  it  does  have  control,  then 
it  is  necessary  to  be  blunt  and  ask  why  nutrition  and  related  matters 
of  subsistence  have  had  so  little  research  and  so  little  coordination 
since  the  end  of  World  War  II.  The  Food  Panel,  like  the  N.K.L. 
Advisory  Board  on  Quartermaster  Research  and  Development,  is 
undoubtedly  doing  good  and  useful  work.  But  it  can  hardly  be  sug¬ 
gested  that  the  problems  of  military  subsistence  are  now  for¬ 

mulated  and  suitable  research  being  prosecuted  in  a  fully  coordi¬ 
nated  all-Service  program  adequate  to  produce  satisfactory  progress. 

To  achieve  such  a  program,  I  would  envision  a  structure  something 
like  the  following.  A  top  Subsistence  Board,  with  senior  representa¬ 
tives  of  all  the  Services,  principal  installations  and  technical  fields 
nvolved.  Such  a  Board  might  meet  only  once  or  twice  a  year  t 
review  major  matters  of  policy  and  programs.  But  an  Executive 
Committee  of  that  Board,  made  up  of  men  more  continuously  and 
professionally  involved  in  subsistence  research  and  development, 

Er  as  .‘si  ssnsr. 
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Rations,  Cold  Weather  Operations,  Feeding  the  Sick  and  Injured, 
Storage  and  Deterioration,  and  Methods  of  Fitness  Evaluation. 

This  is  enough  of  an  outline  to  convey  the  general  idea  of  how,  in 
my  opinion,  we  might  actually  achieve  and  maintain  a  coordinated, 
effective  program  of  research  and  development  in  regard  to  subsis¬ 
tence.  The  common  characteristics  of  military  subsistence  problems 
demand  a  common  research  effort. 

There  are  three  basic  facts:  First,  all  men  are  metabolically  much 
the  same,  in  spite  of  different  uniforms  or  even  the  lack  of  uniforms. 
Second,  the  major  peculiarities  of  military,  as  contrasted  with  civilian, 
subsistence  are  common  to  all  Services  and  specifically  arise  in  the 
actual  operations  of  war.  A  common  feature  is  periodic  or  occa¬ 
sional,  i.e.,  not  constant  and  continuing,  stresses  and  nutritional  or 
dietary  abnormalities.  These  stresses  and  dietary  abnormalities  to 
which  men  at  war  are  subject  are  also  much  the  same  in  the  different 
Services — exposure  to  extremes  of  heat  and  cold,  prolonged,  exhaust¬ 
ing  physical  labor,  nervous  tension  interfering  with  appetite  and 
digestion,  failure  to  get  meals  at  the  usual  regular  intervals,  undue 
dependence  on  non-perishable  foods.  Finally,  there  are  the  less  fre¬ 
quent  emergencies  where  men  are  cut  off  from  their  supplies  and 
must  subsist  for  days,  weeks  or  even  longer,  on  grossly  inadequate 
food.  The  third  basic  fact  is  that  the  whole  scheme  of  military  sub¬ 
sistence,  in  all  the  Services,  must  be  devised  to  maintain  the  highest 
state  of  physical  fitness  and  vigor ;  all  operations  of  war  put  a  high 
premium  on  physical  strength,  speed,  endurance,  and  coordination. 

Now  in  closing,  it  is  appropriate  to  ask  why,  in  general,  the  sci¬ 
entists  of  our  country  have  been  rather  reluctant  to  engage  in  research 
directed  towards  these  problems  of  military  subsistence.  For  it  is  a 
fact  that  many  nutritionists  may  be  willing,  occasionally,  to  act  on 
advisory  boards  and  committees  and  to  attend  meetings  like  this 
symposium,  but  the  amount  of  relevant  research  they  are  carrying 
on  is  small.  It  is  also  true  that  scientists  are  reluctant  to  enter  full¬ 
time  Government  employment  of  any  kind,  including  jobs  in  nutri¬ 
tional  research,  but  this  is  another  question. 

Most  scientists  of  real  ability  and  worth  are  such  because  they 
are  irresistibly  attracted  to  gaining  knowledge  of  a  permanent  nature 
Some  may  particularly  like  technical  work  and  apparatus  but  this 
predilection  tends  to  make  engineers  and  surgeons,  rather  than  scien- 
t  fic  researchers  The  difference  which  leads  away  from  such  lucra 

a  ns  wer ^  whi  ch  ^1^ t0  ^  “ 

nd  a  temporary  and  highly  particularized  expedient  He  feprl*  v,* 

d"r*N*  *b“  “•  >■■•”  shl“ 

199 


own  sense  of  inadequacy  is  mollified  by  the  esteem,  or  at  least  re¬ 
spect,  of  his  professional,  scientific  colleagues  everywhere.  This  means 
writing  articles  that  he  hopes  will  be  applauded,  commanding  the 
attention  of  his  fellows  with  papers  at  scientific  meetings,  receiving 
invitations  to  give  important  lectures,  and  the  like.  A  succession  of 
purely  practical  researches  directed  towards  the  changing  problems 
of  military  subsistence,  no  matter  how  good,  will  not  serve  these  ends. 

Ad  hoc  research  and  development  is  necessary,  of  course,  but 
perhaps  it  ought  to  carry  with  it  a  bonus  of  double  the  ordinary 
salary.  Seriously,  the  problem  is  a  real  one  and,  though  a  monetary 
bonus  is  not  feasible,  an  incentive  more  persuasive  than  money  can 
be  offered.  The  answer  is  that  every  research  program  and  project 
must  carry  within  it  the  prospect  of  some  real  scientific  advance. 
Even  at  the  cost  of  enlarging  the  experiment  or  the  operations  beyond 
immediate  practical  necessity  there  must  be  provided  opportunities 
for  enlarging  the  scientific  horizon  of  the  field,  for  testing  basic  theo¬ 
ries,  for  formulating  new  truths  of  general  application.  And,  lastly, 
the  projected  duration  of  the  work  must  be  long  enough  for  the  sci¬ 
entist,  who  is  skeptical  of  short  and  easy  answers,  to  feel  he  can 
master  the  problem  and  make  a  real  contribution.  These  remarks 
apply  to  scientists  both  in  Government  laboratories  and  in  univer¬ 
sities. 

No  attempt  has  been  made  here  to  analyze  in  detail  the  problem 
of  the  coordination  of  research  approaches.  The  best  that  can  be 
done  now  is  to  put  before  you  some  of  the  essential  ingredients  out 
of  which  such  coordination  must  be  developed. 

Discussion  of  New  Research  Approaches 


YOUMANS: 

This  series  of  presentations  is  now  open  for  discussion. 

SIU : 

I  would  like  to  express  the  appreciation  of  General  Horkan,  The  Quarter¬ 
master  General,  General  Evans,  and  Colonel  Jackson,  who  could  not  be  here 
today  and  who  had  other  engagements.  They  appreciate  all  you  folks  comi  g 
here  and  giving  the  Quartermaster  Corps  the  benefit  of  your  extensive  expe- 

riTwould  like  to  make  two  general  comments  with  regard  to  Dr.  Keys'  pre¬ 
sentation.  One  concerns  the  situation  as  it  exists  today  with  regard l  to the 

.-scrusss  ^ 

to  finally  give  an  overall,  maximally  efficient  maclnne  coordination  is 

At  far  as  the  first  point  concerning  Department  of  Defense  coorui, 

concerned,  T see  the  chairman  of  that  body  here,  Dr.  Clifcorn. 

CLIFCORN: 

Yes,  that  is  right. 


SIU : 

Then  will  you  be  so  good  as  to  take  over  the  discussion  on  coordination  be¬ 
tween  the  Army,  Navy  and  Air  Force. 


CLIFCORN : 

The  comments  that  Dr.  Keys  has  offered  are  worthy  of  very  deep  considera¬ 
tion.  Any  suggestion  is  worthy  of  consideration.  Nevertheless,  as  the  incom¬ 
ing  chairman  of  the  Panel  on  Food  of  the  Army  Food  Board,  having  attended 
one  regular  meeting  and  one  side  meeting,  the  one  thing  that  was  particularly 
impressive  was  the  very  active  cooperation  between  the  various  divisions  of 
the  Services.  We  have  the  Air  Force,  the  Navy,  the  Quartermaster  Food  and 
Container  Institute,  each  having  a  representative  on  this  committee  together 
with  two  civilian  representatives  of  very  high  scientific  status.  The  job  of 
this  committee  is  to  see  that  the  nutritional  work  with  regard  to  all  Army 
rations  and  all  divisions  is  properly  emphasized  in  accordance  with  the  objec¬ 
tives  of  our  Department  of  Defense.  I  want  to  impress  upon  you  that  I  feel 
my  obligation  very  seriously,  that  I  feel  I  have  a  duty  to  do.  The  officers  of 
my  company  have  said  it  is  part  of  my  job — that  I  had  better  get  in  there  and 
do  a  good  job.  So  it  is  not  something  that  is  just  extracurricular. 

One  thing  that  we  are  going  to  do  in  the  Panel  on  Food,  which  is  already 
being  done  in  part,  is  to  tap  in  on  all  the  know-how  in  the  country  on  every 
problem  that  exists.  At  the  last  meeting  there  was  discussed  mildly  the  dele¬ 
terious  effects  of  radiation  on  some  of  our  rations  in  case  they  might  be  subject 
to  an  atomic  bomb  explosion.  We  feel  that  our  Services  have  that  problem  fairly 
well  in  hand,  but  our  attempts  at  the  moment  are  to  clarify  the  present  knowl¬ 
edge  for  everyone  in  all  of  the  various  facets  of  the  Armed  Forces  so  if  any 

impact  comes  upon  us  we  won’t  need  to  be  scrambling  at  that  late  moment  for 
the  latest  “know-how.” 


Similarly  with  this  very  important  problem,  we  have  a  very  capable  com- 
mittee  of  the  National  Research  Council,  whose  name  is  on  the  top  of  your 
agenda  here,  the  National  Academy  of  Sciences,  National  Research  Council 
Advisory  Board  on  Quartermaster  Research  and  Development  Committee  on 
Foods,  Subcommittee  on  Nutrition.  ’  ^ommiuee  on 

it  pr°5ram  was  arranged,  as  all  of  you  know,  by  the  Subcommittee  on 

rnnn°n  r  ^  fwi?St  °f  Dr<  Spector>  Dr-  Tressler,  and  Colonel  Shaunesey 
In  coopei  ation  with  them  we  expect  to  tap  in  on  all  of  the  presently  available 

h.ghly  profess, onal  knowledge  in  this  country  on  this  particular  sub  ect 
get\Ve\t'r  wu2SpeIopTo;ltnh„ewre  “  ““nding  that  I  must 

to  have  the  ability  to  go  toLoSTlJ;  ?  C'a'm  1°  k,n°"'  but  1  surely  'laim 
it  and  weigh  it  with  another  person’s  an  1  fi  an(  aS^  t^le’r  advice  and  take 
When  we  have  those  objectives  then  we  can  y  °l  Pet  s,ome  defimte  objectives, 
guidance  for  all  of  the  Armed  Force".  °Ut  °Ur  Pr°Per  pr0«ram 

It  is  understood  and  deeply  appreciated  that  all 
tutions  are  behind  this  effort  The  outside  re  ,  thc  various  academic  insti- 

master  Food  and  Container  Institute which Thil  P''°g,'an;  °f  the  QuarteI" 
manner  for  some  time,  will  take  full  m[rn;7  -ha,^e  served  in  an  advisory 

be  jobbed  out  and  done’  in  a  very  competfn  Tanne  °a  ‘I  P'°blems  tba‘  'an 
Laboratory  and  medical  facilities.  outside  of  the  Quartermaster 

Speaking  particularly  of  your  verv  * 

appreciate  your  suggestions,  but  I  believe^ that'we  l^eStl0n’  Dr-  Keys,  we  do 
tion  if  we  will  activate  that  organization  Vm,  -  °  have  a  Very  good  organiza- 

and  will  be  considered.  '  U1  comments  surely  are  appreciated 
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SPECTOR: 


Turning  to  a  technical  matter,  in  testing  processed  rations,  a  rather  universal 
finding  has  been  that  they  seem  to  be  inadequate  as  measured  by  growth  of 
laboratory  animals  with  regard  to  pyridoxine.  If  you  analyze  the  ration  in  a 
laboratory  in  vitro,  however,  they  have  an  amount  which  should  be  adequate. 
When  the  question  what  has  been  done  to  increase  the  pyridoxine  supply  in 
Armed  Forces  rations  is  asked,  I  don’t  believe  there  is  a  simple  answer.  Some 
of  our  non-technical  people  feel  that  these  studies  are  worthless  unless  we  give 
an  immediate  answer. 

We  recognize  that  our  animal  studies  are  subject  to  considerable  limitations; 
we  conduct  them  as  pilot  experiments.  But  before  any  modification  as  far 
as  requirements  can  be  made,  they  must  be  subjected  to  critical  laboratory  and 
field  studies  with  human  subjects.  The  program  today  gives  us  the  complete 
picture  and  the  proper  place  for  each  type  of  approach. 

YOUMANS: 


Is  there  any  further  discussion  of  these  papers? 

BASS: 

It  has  been  my  experience  that  the  fate  of  the  early  speakers  is  that  most 
of  the  discussion  has  been  restricted  to  the  last  paper.  I  would  like  to  go  back 
and,  for  a  change,  have  some  agreement  with  Dr.  Herrington.  I  think  he 
made  a  very  important  point,  and  I  would  like  to  back  that  up  with  some  unpub¬ 
lished  data  which  the  Climatic  Research  Laboratory  has  found.  The  point  is 
this:  the  cardiovascular  change  associated  with  acclimatization  might  well  be 
part  of  the  final  common  pathway  for,  shall  we  say,  acclimatization  to  muscular 
exercise  or  physical  condition. 

A  similar  thought  occurred  to  us,  although  we  hadn’t  thought  it  through  as 
definitely  as  Dr.  Herrington  did.  If  you  read  papers  in  the  literature  on  heat 
acclimatization,  almost  everyone  states  by  way  of  introduction  that  heat  acclima¬ 
tization  is  accelerated  and  occurs  much  more  completely  if  the  test  subjects  are 
physically  conditioned  beforehand.  Nobody  apparently  was  willing  to  take  the 
risk  of  studying  subjets  without  pre-conditioning.  It  occurred  to  us  that  possibly 
the  physical  conditioning  itself  may  be  a  slight  degree  of  acclimatization  to 
heat  and  start  the  man  off  from  the  higher  spring  board.  We  found  with  refer¬ 
ence  to  measurements  of  blood  constituents  particularly,  that  there  was  accli¬ 
matization  with  regard  to  the  eosinophile  and  white  cell  response  during  con¬ 
ditioning  and  that  during  the  heat  period  the  same  pattern  was  followed  but 


at  a  higher  level. 

Another  point— the  end  relationships  of  the  known  stresses  to  which  man 
has  been  demonstrated  to  be  acclimatizable.  These  stresses  are,  of  course,  hypoxia, 
exercise  and  heat.  Coordinated  studies  should  be  made  in  which  groups  of  men 
are  simultaneously  acclimatized  to  all  three  of  these  stresses  and  possibly  other 
groups  being  exposed  alternately  to  one  or  the  other  of  the  stresses,  and  in 
way  try  to  assess  or  delineate  the  final  common  pathway  of  any  of  the  various 
stresses  and  the  specific  adaptations  which  are  apparently  required. 


BROmYobiective  should  be  a  search  for  an  experimental  animal  similar  to  man 
in  8fee  reactions  to  climatic  factors,  and  muscular  work  ability  I  suggest  the 
donkev  I  investigated  the  metabolism  and  work  abilities  of  the  donkey  an 
i  t*  i  .  -  ,  This  research  was  terminated  because  our  agrieul- 

mule  for  about  jes '»«"  h  out  for  economic  reasons-it 

tural  economists  felt  I ™uleT £  “"nicey  and  mule  are,  however,  the  best 
can  not  compete  with  a  tracto  .  .  t  f  environmental  conditions 

experimental  animals  for  invest, sating  the i  effi set  of  environmen 

on  work  ability  and,  under  certain  conditions,  they  may  become  in 
to  the  Armed  Forces. 

YOUMANS.  Rrodv’s  remarks  of  the  very  intensive 

search  fit  Si Sllt^o^thele.ds  of  immunology,  virology  and  things  of 
that  sort.  We  could  take  a  lesson  from  his  book. 
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MILLS: 

There  has  been  a  serious  misuse  of  the  term  “acclimatization”  here.  In  a 
way,  as  a  meteorologist  or  climatologist,  I  would  insist  along  with  Dr.  Sargent 
that  climate  represents  a  long-term  affair  and  the  use  of  “acclimatization”  in 
many  of  the  papers  here  was  referring  to  a  few  days — ten  days  at  the  maximum. 
That  is  not  acclimatization.  That  is  adaptation.  We  might  avoid  a  lot  of 
academic  confusion  if  we  used  “acclimatization”  in  its  proper  sense  with  refer¬ 
ence  to  long-term  adaptation.  That  will  have  a  particular  bearing  on  many  of 
the  studies  that  arise  when  we  attempt  to  ferret  out  what  it  means  to  adapt  a 
person  to  the  long-range  effect  of  climate. 


SARGENT: 

Although  I  haven’t  had  tremendous  experience  in  field  testing,  I  have  had 
some.  In  reviewing  the  literature  it  seems  to  me  that  there  was  one  outstanding 
gap  in  all  the  field  tests  that  we  have  had.  They  were  designed  because  of  the 
present  military  situation — that  is,  the  need  for  providing  adequate  food  for  the 
troops — and  therefore  they  sought  to  find  out  if  the  ration  was  nutritionally 
adequate.  They  emphasized  calorie  balance,  vitamin  balance,  nitrogen  balance 
and  so  on,  completely  disregarding  the  function  of  the  body  as  a  whole  and  of 
the  various  organs  under  the  various  environmental  conditions,  under  calorie 
restriction,  and  so  on.  It  seems  to  me  that  the  field  tests  of  the  future  should 
take  into  account  the  functions  of  the  organs  and  of  the  body  as  a  whole.  This  is 
a  much  larger  undertaking  for  a  field  test  than  the  field  tests  of  the  past.  It 
would  involve  a  lot  more  thinking  and  planning,  because  function  tests  are 
much  more  difficult  to  conduct  than  are  simple  balance  studies.  Therefore  I 
would  go  along  with  Dr.  Keys  and  Dr.  Kark  in  proposing  that  a  table  of  organ¬ 
ization  be  established  in  the  Military  Services  that  would  involve  a  test  team 
that  would  plan,  conduct,  and  write  up  these  field  studies.  One  of  the  jobs  of 
this  group  would  be  to  develop  appropriate  field  methods  and  a  mobile  laboratory 
such  as  we  developed  at  the  Fatigue  Laboratory,  only  on  a  much  larger  scale,  to 
include  the  function  test.  All  these  things  could  then  be  appraised  and  we 
wouldn’t  have  to  speculate  all  the  time. 

CRAIG: 

DANIELS*  *  Pa"el  a'ready  ‘n  eX'StenCe  in  the  A™y  t0  'ordinate  these  field  tests. 

„  A,S  °"e  ?f,the  Government  employees  who  tries  to  do  basic  research  with 
one  hand  while  meeting  a  series  of  ad  hoc  crises  with  the  other  T  K 

worrying  about  some  of  the  problems  which  Dr.  Keys  has  brought  un  Of 

would  help.  '  h  P  ge  funds  for  communication  by  telephone 

CLIFCORN : 

have  Ten  r  qUeSti°1'-  0r*a™  “ids 

hot  weather,  and  so  forth.  Do  they  have  anv  Dart 'in  tv*  'T  consum«d  during 
YOUMANS:  y  y  part  in  thls  Picture  at  all? 

Who  would  like  to  answer  that’ 

KEYS: 

of  theewarethea™rs°,itn  the  iSwaTI  tLTthTr0ge°^aK,hy  °f  Certain  parts 
say  for  the  present.  A  lot  was  issued-  1  at  is  Piobably  the  most  you  - 

YOUMANS^'1  W  n0t  "  fc»ow„aSmaU 


can 

was  used.  Whether 


Subcommittee  on  NutHtion'and^the  othJTLl^  adjourned-  On  behalf  of  the 


.  -  Nutrition  and  the  other  »  adjourned.  On  behal 

for  your  attendance  and  help.  H  agencies  concerned,  I  thank  you 

(The  meeting  was  adjourned  at  five  o’clock.) 


all 
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